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GROUND WATER IN SAN SIMON VALLEY, ARIZONA AND 

NEW MEXICO. 



By A. T. SCHWENNESEN. 



INTROBtrCTION. 
LOCATION AND ABEA. 

San Simon Valley is in southeastern Arizona and the adjacent 
part of New Mexico. Most of the valley lies in Graham and Cochise 
counties, Ariz., but a small part of it is in Grant County, N. Mex. 
(See fig. 1.) The valley extends north-northwestward for 85 miles 
from the head of San Bernardino Valley, 20 miles north of the Mexi- 
can boundary, to the Gila Valley. Its southern part is narrow, aver- 
aging about 10 miles in width. It widens toward the north, reaching 
a maximum width of 35 miles where it is crossed by the Southern 
Pacific Eailroad. North of the railroad it narrows to about 25 miles 
at a point where it opens into the Gila Valley. ^ 

DEVELOPMENT. 

The first white settlers came into San Simon Valley in the early 
seventies. As the climate was arid and dry-farming methods had 
not been developed, and as there seemed to be no available supply of 
water for irrigation, they depended for a livelihood upon stock rais- 
ing. For this purpose the region was particularly well adapted. In 
the central parts of the valley grass for summer grazing is ordinarily 
abundant, and the mountains furnish pasturage for the fall and win- 
ter, when the grass in the valleys becomes scarce. Large areas of the 

1 
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2 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1917. 

valley are covered with brush, mostly creosote, cat's-claw, mesquite, 
and sagebrush. When the grass crop fails in years of drought 
stock subsists largely on the sagebrush and the leaves and beans of. 
the mesquite. 

Until seven or eight years ago the valley was occupied only by 
cattle ranches and was consequently very sparsely settled, but since 




150 MILES 



Figure 1. — Map showing physiographic provinces in Arizona and areas covered by Sur- 
vey reports dealing with ground water. 1. San Simon Valley (Water-Supply Paper 
425-A, the present paper) ; 2, Water-Supply Paper 104 ; 3, Water-Supply Paper 136 ; 
4, Bulletin 352 ; 5, Bulletin 435 : 6, Water-Supply Paper 320 ; 7, Water-Supply Paper 
375 ; 8, Water-Supply Paper 380 ; 9, water-supply paper In preparation. 

that time there has been a rapid influx of settlers, due chiefly to the 
discovery of artesian water. This discovery, which was made at San 
Simon late in 1910, encouraged settlements not only in the vicinity of 
San Simon but also in other parts of the valley. Before that time 
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the only known ground-water supply was that from the upper hori- 
zon, from which relatively shallow wells were drawing. This sup- 
ply is adequate for domestic and stock use and also for the heavier 
demands of the railroads at San Simon and Bodeo, but throughout 
most of the valley, where the land is suitable for agriculture, the 
water of this upper horizoii is too far below the surface for economi- 
cal pumping for irrigation. The discovery of a lower formation 
which contains water under pressure has therefore made irrigation 
possible over a considerable area, either from flowing wells or from 
other deep wells in which the water rises near enough to the surface 
to be profitably pumped. 

The principal agricultural areas of San Simon Valley are the San 
Simon area and Artesia Valley, where artesian -s^^ater is used for 
irrigation; the Bowie area, where water for irrigation is pumped 
from wells; and the Rodeo area, where dry farming, supplemented 
by irrigation with flood waters, is practiced. The positions of these 
areas are indicated on Plate I. 

SCOPE AND PURPOSE OF BEPOBT. 

The ground-water survey of San Simon Valley was begun in 
December, 1913, when about 10 days were spent in making discharge 
and pressure measurements of flowing wells and in collecting sam- 
ples of water. The field work was completed in the fall of 1915, 
when the whole valley was investigated in detail and measurements 
were made wherever possible of the flowing wells that had been 
measured in 1913 in order to determine how the performance of the 
wells in 1913 and 1915 compared. Many new flowing wells were also 
measured and almost all other wells and springs in the valley were 
visited. 

The survey was undertaken by the United States Geological Sur- 
vey in cooperation with the Arizona Agricultural Experiment Sta- 
tion to obtain reliable information that might be furnished in re- 
sponse to requests received from the general public and that might 
be used by the Federal Government in the classification of the public 
lands. 

The field work was done and most of the report was prepared by 
A. T. Schwennesen, of the United States Geological Survey, under 
the supervision of O. E. Meinzer, who is in charge of the Survey's 
ground-water investigations. The chapter on agriculture was writ- 
ten by E. H. Forbes, of the Arizona Agricultural Experiment Sta- 
tion. The water analyses were made in the laboratories of the 
Experiment Station by A. E. Vinson and P. W. Moore. The topo- 
graphic map was made by Cornelius Schnurr, F. A, Danforth, and 
S. E. Taylor, of the Geological Survey. 
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PHYSIOGRAPHY. 

BOUNDING BANGES. 

San Simon Valley occupies the trough between two nearly parallel 
mountain chains. On the east the valley is bounded by the Peloncillo 
Bange, which separates it from Animas Valley and the upper 
Gila Valley. On the west it is separated from Sulphur Springs and 
Aravaipa valleys by a mountain chain comprising the Chiricahua, 
Dos Cabezas, and Pinaleno ranges. In the southern part of the 
region the mountains on both sides of the valley trend almost due 
north and south, but farther north they swing westward and con- 
tinue in a northwesterly direction to Gila River. 

Along the west side of the valley the mountains are much broader 
and loftier than on the east side. The Chiricahua Mountains, which 
form the southern link of this chain, extend from the head of the 
Sail Bernardino drainage, about 20 miles north of the Mexican 
boundary, northward 35 miles to Apache Pass. They are massive 
and rugged and rise to elevations of more than 8,000 feet above sea 
level, or 4,000 feet above the valley. Cochise Head has an eleva- 
tion of 8,100 feet and is one of the most prominent landmarks in the 
region. The range is timbered, principally with pine, oak, and 
juniper, and is included in the Chiricahua National Forest. The 
mountain slopes that rise from San Simon Valley are precipitous and 
are cut by many canyons, at the mouths of which large, steep alluvial 
fans extend out into the valley. The principal watercourses are 
Sulphur, Cave, Turkey, and Whitetail creeks. Most of the stream- 
ways carry little or no water during most of the year, even in the 
mountains, but in times of heavy rain they discharge large amounts 
into the valley. 

The Dos Cabezas Mountains extend northwestward from the Chiri- 
cahua Range for 20 miles to the pass through which the Southern 
Pacific Railroad crosses into Sulphur Spring Valley. The range 
takes its name from prominent twin peaks, which rise 1,500 to 
2,000 feet above the main part of the range to an elevation of about 
8,000 feet. The range is almost bare and has no important stream- 
ways leading to San Simon Valley. 
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GROUND WATER IN 8AK SIMON VALLEY, ARIZ.-N. MEX. 5 

The Pinaleno Mountains extend northwestward from the Dos 
Cabezas Range to Gila River, a distance of about 30 miles, and sepa^- 
rate San Simon Valley from Aravaipa Valley. The southern part of 
the range is low and not very conspicuous, but toward the Gila the 
crest rises, culminating in Graham Peak. The northern part of the 
Pinaleno Range is heavily timbered and is included in the Crook 
National Forest. 

The Peloncillo Mountains consist of a single ridge for most of the 
distance from the south end to Steins Pass, north of which they are 
much wider and are broken into numerous short, irregular ridges 
and small mountain groups. Near the north end of the range the 
Whitlock Hills project into the valley from the main range. The 
average elevation of the crest of the Peloncillo Range is about 5,500 
feet above sea level. The most prominent peaks are Ash Peak (at 
the northern end of the range). Doubtful Peak, Stein Peak (just 
north of Steins Pass) , and Cienaga Peak (8 miles south of the pass) , 
all of which are approximately 6,000 feet high. The southern part 
of the range contains some timber and is included in the Chiricahua 
National Forest, but the greater part of the range is bare. Tule 
Wells CJanyon and Ward Canyon, in the northern part of the range, 
and Cottonwood, Post Office, Skull, and Skeleton canyons, in the 
southern part of the range, contain the largest streamways. 

On the south San Simon Valley is separated from San Bernardint) 
VaUey by a low, inconspicuous divide that extends from a point near 
the mouth of Texas Canyon, at the foot of the Chiricahua Mountains, 
eastward to a point at the foot of the Peloncillo Mountains, 3 or 4 
miles south of Skeleton Canyon. The El Paso & Southwestern Rail- 
road crosses this divide about IJ miles south of Moore's Spur. 

THE VALLEY. 

The valley has the form of a broad, shallow trough, the sides of 
which are formed by the alluvial slopes that extend down from the 
bordering mountains. Where the valley is narrow the bases of the 
alluvial slopes almost meet at the axis, but where the valley is wide it 
has the appearance of a nearly level plain with upward-curving edges. 

At the San Bernardino divide the elevation of the valley is ap- 
proximately 4,700 feet above sea level, and at the lower -end, where it 
joins the Gila Valley, it is about 3,000 feet, so that the average grade 
northward is about 20 feet to the mile. The slopes of the sides are 
much greater than the axial slope, grades of more than 100 feet to 
the mile being common. 

The drainage of San Simon Valley finds outlet into Gila Eiver 
through the so-called San Simon Creek. Between the San Ber- 
nardino divide and Rodeo the accumulated storm Pun-oflF from the 
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slopes drains through a broad, shallow draw with no very definite 
outlines. Below Kodeo the draw is one-fourth to three-fourths mile 
wide and takes more definite shape, its flat bottom being 15 to 20 feet 
below the general valley surface and bordered by bluflFs. The drain- 
age does not follow any definite channel but spreads over the whole 
of the flat. About 15 miles below Bodeo the draw empties into th^ 
San Simon Cienaga, a low, marshy area, in which the ground water 
is at the surface. This cienag)Bt is 5 miles long, from one-fourth to 
one-half mile wide, and contains about 1,200 acres. In addition to 
the drainage from the upper valley, it receives, through Cave Creek, 
the run-off from some of the highest parts of the Chiricahua Moun- 
tains. 

San Simon Creek has its source at the lower end of the cienaga 
and follows the axis of the valley to the Gila. For most of its course 
it has a deep, narrow channel with high vertical banks. This channel 
has been formed almost entirely since the region was first settled by 
Americans. At its source the creek is fed by the nearly perennial 
overflow from the cienaga, but some distance downstream it is nor- 
mally dry. In the vicinity of San Simon a small continuous flow is 
maintained by waste water from the flowing wells. At a number of 
places in the lower part of the valley the channel has been cut nearly 
to the ground-water level, and here water may be found, even in 
the dry season, by making a shallow excavation in the bottom of 
the channel. For 20 miles back from the Gila the surface is greatly 
dissected, owing to the lowering of the Gila Biver valley during late 
geologic time and the consequent lowering of the outlet for San 
Simon Creek. 

In the upper and middle portions of San Simon Valley the work 
of the streams is mainly aggradational and consequently the surface 
of the valley is in general even. 

GEOIiOGY. 

PBE-QUATEBNASY BOCKS. 

The core of the Pinaleno, Dos Cabezas, and Chiricahua mountains 
consists of gneisses and schists which were regarded by Gilbert ^ as 
pre-Cambrian. Unconformably upon this basement lie sedimentary 
and metamorphic rocks of Paleozoic age, consisting principally of 
limestone, sandstone, shale, and quartzite. Lavas of probable Ter- 
tiary age are also widely distributed. 

The Peloncillo Mountains consist principally of igneous rocks and 
rocks composed of volcanic fragments. These rocks are probably 
largely of Tertiary age. 

1 Gilbert, G. K., Report on the geology of portions of New Mexico and Arizona examined 
in 1873 : U. S. Geog. and Geol. Surveys W. lOOth Mer., vol. 8, pp. 609-518, 1875. 
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The rocks that outcrop in the mountains no doubt extend beneath 
the valley and form the floor on which the valley fill was deposited 
(fig. 2). 



Younger stream 
deposits 



Clay, silt,sand,gpavet,and caliche 
(about 150 feet thick ) 



Lake beds 



Blue clay (about 350 feet thick) 



Clay, sand, gravel, sandstone,and 
conglomerate (at least 750 feet 
thick) 



Older stream 
deposits 



Bedrock 
FiouBB 2. — Generalized columnar section of San Simon Valley, Ariz.-N. Mez. 
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QVATEBNASY DEPOSITS. 
OLDER STREAM DEPOSITS. 

The oldest valley fill apparently consists of stream deposits, which 
are covered by younger beds in most places and which are difficult 
to distinguish from the younger stream deposits where they are ex- 
posed at the surface. In two places, however, it is believed they have 
been recognized— rin an area of low, rounded gravel hills near Rail- 
road Pass, west of Bowie, and in the gravel hills south of the San 
Simon Cienaga. The deposits are prevailingly gray, somewhat 
lighter in color than the recent stream deposits, and contain coarser 
and better-assorted gravel. The principal distinguishing feature, 
however, is their hilly topography, which represents a mature stage 
of erosion and contrasts sharply with the simple aggradational forms 
assumed by the younger stream deposits. In the general character of 
their materials and topography the beds in San Simon Valley resem- 
ble the gravels which underlie the lake beds in the Gila basin on the 
San Carlos Indian Reservation and which were identified by the 
writer as the oldest valley fill. These older stream deposits have 
probably been reached in at least some of the deeper wells. 

LAKE BEDS. 

Beds which were deposited in a lake or other body of water outcrop 
over a large area in the lower dissected portion of San Simon Valley. 
They^ consist chiefly of gray, yellow, and greenish-blue clay and 
gray and reddish san^. The sands are commonly interbedded with 
thin beds of tuff and thin layers or partings of indurated coarse- 
grained sandstone. Beds of fine, well-assorted gravel, belonging to 
the same series, are exposed at a number of places. Structurally 
they form a very flat syncline whose axis coincides nearly with the 
axis of the valley. 

In the middle and upper portions of San Simon Valley the lake 
beds are not exposed but are found in wells beneath the surface 
mantle of stream deposits. Dense, homogeneous, non water-bearing 
blue clay, 300 to 400 feet thick, which is' believed to be the upper 
member of the lacustrine formation, is found in almost all the wells 
near San Simon and Bowie within about 150 feet of the surface. 
This is the confining bed which holds the artesian water under pres- 
sure. Beneath the blue clay is a series of beds of gray, yellow, or 
reddish clays interbedded with sand or fine gravel, as a rule contain- 
ing thin layers of hard sandstone. In the center of the valley these 
beds persist to a reported depth of 1,230 feet, which is the greatest 
depth attained by the drilling. They contain the artesian water 
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that has been found in this vicinity and are believed to be in part 
lake deposits but probably include older stream deposits, as the 
information furnished by the drillers' logs is not suflSciently specific 
to make it possible to differentiate with certainty between these two 
kinds of deposits. 

In a well drilled to a depth of 1,000 feet at Bodeo, in the upper 
part of the valley, beds of the same general character and succession 
as in the vicinity of San Simon were reported. Farther up the valley 
wells have not been sunk deep enough to reach the lake bedfe, but 
their thickness at Bodeo indicates that they extend a long distance 
south. 

YOUNGER STREAM DEPOSrTS. 

The yoimger stream deposits lie at the surface over perhaps two- 
thirds of the area of the valley. They overlie the lake beds, 
probably mantle the older stream deposits in many places, and lie 
directly on the pre-Quatemary rocks in some places. At the lower 
end of the valley they form only a thin covering and have in many 
areas been eroded away entirely, leaving the underlying lake beds 
at the surface. Tpward the head of the valley they thicken, and in 
the San Simon and Bowie areas they are usually foimd in wells to 
a depth of about 150 feet. Near Bodeo and farther south wells end 
in the younger stream deposits at depths of 300 to 400 feet. 

The younger stream deposits consist of clay, silt, sand, gravel, and 
l^pulders, the materials in some of the beds being well sorted and in 
others mixed. The individual beds are lenticular and as a rule not 
continuous for great distances. 

In the interior portions of the valley the sediments are finer and 
better stratified than along the edges of the valley, where the rough 
debris from the mountains has been dumped unsorted. 

LAVA BEDS. 

' Lava covers small areas near the east edge of the valley between 
Rodeo and Apache and larger areas in the vicinity of Moore's Spur 
and the San Bernardino divide. The lava is a grayish-black or 
reddish-brown vesicular basalt. It rests oi/ the valley fill or is 
interbedded with it. 

PRECIPITATION. 

SEASONAL DISTBIBUTION AND CAUSE. 

The following statements in a report of the United States Weather 
Bureau,^ regarding the seasonal distribution and cause of the pre- 

1 Snmmarles of cUmatologlcal data by sectionB : U. S. Weather Bnr. Boll. W, yoL 1, 
sec. 8, pp. 21-22, 1912. 
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cipitation in southern Arizona and southwestern New Mexico apply 
in general to the San Simon drainage basin : 

The precipitation occurs principally during' two portions of the year, a pri- 
mary maximum fall occurring during the months July to September, inclusive, 
and a secondary maximum during the colder months of the year. But little 
precipitation occurs during the later autumn months and practically none at 
the lower elevations during April, May, and June. 

The precipitation of winter is the result of general storm movement over the 
district, induced by the low areas that develop over the Gulf of California and 
the lower Colorado Valley, the greater part of the moisture from which, how- 
ever, is deposited in regions far to the eastward. In the high elevations much 
of the precipitation of winter occurs as snow. 

The rains of summer are local in character and generally traceable to the 
Influence of the mountains interposing their masses to the free passage of the 
rain-bearing winds. These winds, in their passage over the high elevations, are 
cooled by the consequent elevation and expansion sufladently to cause conden- 
sation and precipitation, and while the maximum intensity of these local storms 
of summer is confined largely to the adjacent mountain areas, the upper cur- 
rents distribute the precipitation to some extent over the adjacent valleys and 
plains. 

KECOBDS. 

Precipitation records have been kept, with few interruptions, at 
Bowie since 1867, at San Simon since 1881, at Paradise since 1908, 
and at Rodeo since 1910. The mean monthly and mean annual pre- 
cipitation at those places is given in the following table : 

Mean monthly and mean annual precipitation, in inches, in the San Bimon 

drainage baHn, 



Station. 



fl08 

► o © 

_4 OS'S 

P4 



i 



Bowie 

San Simon. 
Paradise — 
Rodeo 



3,766 
3,609 
5,436 
4,118 



a 45 

6 33 

c8 

d6 



0.99 
.43 
.93 
.69 



1.57 
.52 

1.25 
.60 



1.06 
.64 
1.15 



0.17 
.10 



62 .15 



0.27 
.13 
.11 
.06 



0.50 
.15 
.85 
.60 



2.80 
1.07 
4.58 
2.74 



2.79 
1.66 
3.04 
1.59 



1.13 
.58 

2.01 
.96 



0.66 
.36 
.82 



0.72 
.44 



.46 



1.13 



2.20 
1.74 



13.81 
6.77 
18.20 
11.15 



a No records for years 1895 to 1898, inclusive. Records incomplete for years 1867, 1871, 1872, 1902, and 
1913. 

h No records for years 1901 and 1902. Records incomplete for years 1881, 1888, 1889, 1897, 1898, and 1911 
to 1914, indusive. 

e Records incomplete for years 1908, 1911, and 1915. 

d Records incomplete for years 1912 and 1913. 

The records show a very irregular distribution of precipitation. 
The difference in the precipitation at Bowie and at San Simon is 
striking. Although both places are in the valley only 16 miles apart 
and the difference in elevation of the two stations is only 153 feet, 
Bowie receives more than twice as much precipitation as San Simon. 
The heavier precipitation at Bowie is probably due to the influence 
of the near-by Dos Cabezas Mountains, which lie directly across the 
path of the moisture-laden southwest winds. The moisture is con- 
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densed and mostly precipifcated in the mountains, but some of the 
precipitation is carried into the adjacent valley areas. At Rodeo 
the precipitation is also much greater than at San Simon. This is 
due partly to the higher altitude but probably also to the proximity 
of the lofty Chirioahua Mountains. Paradise, which is a small min- 
ing town about 12 miles northwest of Rodeo in the Chiricahua Moun- 
tains, receives a much heavier precipitation than any of the stations 
in the valley. , 

GROUND-WATER HORIZONS. 

In the San Simon and Bowie areas, in the vicinity of Rodeo, 
and possibly also in the lower part of the valley, there are two sepa- 
rate and distinct ground- water horizons. 

'The upper horizon is in the mantle of sediments called in this 
report the younger stream deposits (p. 9). The water in these 
deposits is under little or no pressure and in wells does not rise 
appreciably above the water table. It is locally referred to as sur- 
face water, and shallow wells that tap only this supply are called 
surface wells. 

The lower ground- water horizon is in the deeply buried sediments 
beneath the blue clay which lies under the younger stream deposits 
(p. 8). The water of this lower horizon is under hydrostatic pres- 
sure and rises in wells above the level of the upper ground water; 
in the vicinity of San Simon it rises to the surface. 

WATER AT UPPER HORIZON IN SAN SIMON AND 
BOWIE AREAS. 

OCCUBBENCE AND SOUBCE. 

The upper ground water in the San Simon and Bowie areas is 
four^l in beds of gravel or sand or in beds that consist of a mixture 
of these materials. Wells in the vicinity of San Simon usually pene- 
trate one principal water-bearing bed of loose, fairly coarse gravel 
and several minor water-bearing beds composed of loose, porous sand. 
The water-bearing beds are separated by beds of red or yellow clay, 
caliche (carbonate of lime), or impervious mixtures of these materials. 

In all the wells in the Bowie area of which records are available 
the water of .the upper horizon was found in sand or in mixed clay 
and gravel commonly called wash. 

The source of the water is the precipitation in the valley and the 
run-off from the mountainous portions of the drainage basin. The 
principal intake areas are the steep upper portions of the stream- 
built slopes. Probably very little of the water that is precipitated 
or shed on the flatter middle portions of the valley reaches the 
ground-water level. 
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DEPTH TO WATE& TABLE. 

The depth to the water table is less than 100 feet throughout a 
belt of land that extends along the axis of the valley, including 
nearly all of the San Simon flowing- well area and also a narrow strip 
on each side of San Simon Creek north and south of the flowing-well 
area (PI. I). The shallowest water is at the San Simon Cienaga, 
where the water table is practically at the surface. Northward the 
depth gradually increases until at San Simon the water table is 60 to 
70 feet below the surface. Northward from San Simon the water 
table approaches nearer to the surface in the region bordering San 
Simon Creek, and at the Triangle Cattle Co.'s well, 4 miles north- 
northwest of San Simon, it is only 35 feet to water. Below this place 
the water table apparently slopes northward at about the same grade 
as the surface of the land, for at the Posey ranch, 15 miles below San 
Simon, the water table is reported to be about 40 feet below the 
surface. 

Outward from the axis of the valley the depth to 'water increases. 
Northeastward up the slopes toward the Peloncillo Mountains and 
southwestward toward the Chiricahua Mountains the depth to the 
water table increases rapidly, but on the plain eJdbending westward 
from San Simon toward Bowie the depth increases more gradually. 

YIELD. 

In the San Simon area all irrigation supplies are drawn from the 
lower or artesian horizon, and there are no heavy demands on the 
supply of the upper horizon except at the pumping plant of the 
Southern Pacific Co. at San Simon, where two 12-inch bored wells, 
133 feet deep, furnish all the water that is required for the railroad's 
use. For watering stock and for domestic uses the supply has apver 
been known to fail anywhere in the area. In fact, there is every 
indication that the supply is large and if need be could be drawn 
upon for irrigation. 

In the Bowie area the supply of ground water at the upper hori- 
zon is small, and wells, even for stock and domestic uses, must gener- 
ally be sunk to the lower horizon. 

WATER AT LOWER OR ARTESIAN HORIZON IN SAN 
SIMON AND BOWIE AREAS. 

OCCTTBBENCE AND SOTTBCE. 

The first bed in which the water rises under hydrostatic pressure is 
generally found immediately under the blue clay, usually at depths 
of 400 to 600 feet below the surface, below which water-bearing t)eds 
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are encountered at intervals to the greatest depth to which wells have 
been drilled, which in the San Simon area is somewhat more than 
1,200 feet. These water-bearing beds are separated by layers of im- 
pervious materials, recognized by well drillers as clay, shale, sand- 
stone, conglomerate, cemented gravel, hardpan, concrete, and rock. 

The character of the material composing the water-bearing beds 
differs somewhat in different localities. In the San Simon area the 
beds on the east side of San Simon Creek, ai;id also those on the west 
side of the creek in the southern part of the artesian area, generally 
consist of coarse sand and fine gravel, whereas north and west of 
San Simon and in the region immediately* south of the town the 
water-bearing beds consist largely of fine sand. In the Bowie area 
the water-bearing beds in almost all tjie wells consist of coarse white 
sand. 

In the San Simon and Bowie areas the essential conditions for 
artesian wells are fulfilled. The beds of sand and gravel serve as the 
pervious stratum for the entrance and passage of the water, and 
the blue clay serves as the impervious confining stratum. 

Practically all the artesian water of San Simon Valley originates 
in the rain and snow that fall on the mountainous parts of the San 
Simon drainage basin and the upper parts of the valley. The supply 
from this source is large in the aggregate and is by no means inade- 
quate to provide the artesian water that is known to occur in the 
Talley. Some inhabitants of the region believe, however, that ground 
water from Animas Valley, which lies east of San Simon Valley, 
seeps into the San Simon basin. It is true that the ground water of 
Animas Valley lies higher than the level to which the artesian water 
in San Simon Valley rises, but it is improbable that any great 
amount of water seeps' through the intervening Peloncillo Mountain 
barrier. 

HEAD. 

The water that supplies the artesian basin passes into the water- 
bearing beds in the elevated outcrop zones along the edges of the 
valley and downward beneath the impervious blue clay. As the 
water-bearing beds descend from an altitude of about 4,000 to 4,500 
feet above sea level at the outcrop zone to an altitude of about 8,000 
to 3,500 feet at the center of the basin the water below the blue clay is 
under considerable pressure. This pressure causes the water to rise 
in wells when the blue clay is penetrated. 

In the flowing-well areas (Pis. I and II) the pressure is sufficient 
to force the water above the surface. In the Bowie area and in other 
areas adjacent to the San Simon flowing-well area the pressure is 
great enough to force the water far above the level of the water-bear- 
bg beds but is not sufficient to force it to the ground surface. 
74351**— Ifr-wsp 425 2 
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In the fall of 1916 the heads in about sixty of ^e flowing wells 
the vicinity of San Simon were measured and were found to raH| 
from a fraction of a foot to 42 feet The average head in all of d 
wells measured was about 15.5 feet. (See table, pp. 22-26.) i 

Comparison with measurements made in December, 1913, sho^ 
that on the whole there has been a large decrease in head. Tl 
average h,ead of eight wells measured in 1918 was 31 feet. In 19]| 
when the same wells were measured the average head was 19 feet 
a decrease of 39 per cent. Five of the wells (Nos. 61, 76, 127, 13^ 
and 148) had lost about 50 per cent of their head, one well (No. 8511 
had lost. 14 per cent, aiid two wells (Nos. 67 and 104) had gaine^ 
71 and 44 per cent, respectively. Whether the loss of head in mod 
of the wells is due to an actual depletion of the artesian supply o|| 
to some other cause is not conclusively shown by the data. Thii 
fact that some of the wells gained pressure during the interval be** 
tween 1913 and 1915 suggests that loss of head is not general through^ 
out the area and that in many of the wells it may be due largely tcj 
local causes. Faulty well construction is believed to have causedj 
much of the loss of head and the diminishing flow. As a general 
rule wells are cased for only a short distance into the blue clay and 
consequently they often become obstructed by the caving of the clay 
walls and by the sanding up of the uncased bore in the water-bearing 
beds. 

Outside the flowing-well area the hydrostatic pressure is not suffi- 
cient to force the water to the surface. Many deep wells have been 
drilled along the margins of the flowing-well area and m the vicinity 
of Bowie. The depth to water in these wells ranges from a few feet 
to over 100 feet (See table, pp. 22-26.) Throughout a large area 
on the plain extending west from Bowie and north from Bowie east 
of the Arizona Eastern Bailroad the water in deep wells penetrating 
to the lower horizon generally rises to levels less than 50 feet below 
the surface, and that depth is ordinarily considered the limit of 
economical pumping for irrigation. On the higher ground west and 
south of Bowie the water does not rise high enough in wells to be 
economically pumped for extensive irrigation. 

YIELD. 

The total number of flowing wells listed in the table (pp. 22-26) and 
shown on the map (PL II) is 127. This includes all the wells in 
the San Simon area that were flowing in October, 1915. The flow 
of these wells ranges from less than 1 gallon to about 300 gallons 
per minute, and the average flow from 116 wells measured in 1915 
was 52 gallons per minute. The combined yield of the 127 wells, 
if they flowed continuously, would be approximately 15 second- feet, 
or 11,000 acre-feet per year. The largest flows are obtained east 
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of San Simon Creek, where the average y^eld is about 80 gallons 
per minute, and in the southern part of the flowing- well area, west 
of the creek, where the average flow is about 90 gallons per minute. 
North, west, and south of San Simon the flows are small, the average 
being about 12 gallons per minute. 

Comparison of the itfows of 12 wells measured in 1918 and 1915 
shows that in two years the aggregate yield of these wells decreased 
45 per cent, and that individual wells showed decreases in flow rang- 
ing from 20 to 80 per cent Whether this is due to the failure of the 
artesian supply or to other causes is a very important question which 
affects the welfare of the whole region. No doubt the caving and 
filling with sand of the uncased portions of the wells has caused 
much of the decrease in flow, for when failing wells are cleaned out 
the flow immediately increases, and new wells that are brought in 
almost invariably yield much more than older wells in the sam^ 
locality. That the supply is not failing to the extent that the com- 
parisons of the flows in 1918 and 1915 would indicate is shown by 
the fact that there has been no noticeable shrinking of the flowing- 
well area dnd by the fact that the water level in nonflowing deep 
wells outside of the area has not been lowered to any great extent 
within the last two years. Many wells along the margin of the area 
which yielded only very small flows when they were completed are 
still flowing. ^ 

The diminished flow of the wells may in a measure be due to the 
exceeding drjmess of the sunmier of 1915. This surmise is, however, 
in itself disquieting, for it would indicate that the storage capacity 
of the artesian reservoir was small and that the limit of development 
had about been reached. In that event a large increase in the num- 
ber of wells and consequently heavier drafts on the supply might 
cause a serious water shortage in the event of a protracted drought. 

None of the flowing wells hane been pumped for irrigation suffi- 
ciently to prove their capabilities under those conditions and to 
determine the effect of pumping on the flow of surrounding wells. 

In the Bowie area a number of deep nonflowing wells are pumped 
for irrigation. Yields of 600 to 800 gallons per minute, or 10 to 20 
gallons per minute for each foot of drawdown under steady pump- 
ing, are reported from some of the larger planta 

mSTHODS AND COST OF CONSTBUCTINO WEI1L& 

Most of the wells are 4 to 6 inches in diameter and are cased for 
only 150 to 200 feet — a short distance into the blue clay. Many of 
the older wells have, however, caved or have been partly filled with 
sand. At the present time, therefore, the best practice dictates the 
use of standard casing which is carried to the bottom and perforated 
at the water-bearing beds. 
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By the jetting process, which is used ahnost exclusively, wells can 
be sunk through the unconsolidated valley fill ijuicUy and cheaply. 
The charge for putting down wells of the usual size by contract is 
from 50 to 75 cents per foot. Under the cooperative system, whereby 
a group of farmers purchase and operate a drilling rig jointly, wells 
have been put down at even less cost. The average cost of the partly 
cased flowing wells in the San Simon area is between $500 and $600. 
In the Bowie area the cost of larger wells cased to the bottom and 
used for pumping is from $1,000 to $2,000. 

CONSEBVATION OF ABTESIAN SUPPLY. 

The importance of preventing waste and conserving the artesian 
supply can not be overemphasized. In the early days of developing 
many of the wells in the San Simon region were allowed to flow 
continuously, and the water that was not used ran to waste. Now 
most of the large wells are fitted with valves so that they can be 
shut off when not in use, but the flow of a few large wells and many 
small wells is still wasted. Though the waste from any one well 
may appear of slight importance, the aggregate annual waste in the 
district is proportionately very large. When it is considered that 
a well flowing only 10 gallons a minute discharges over 5,250,000 
gallons, or 16 acre- feet, in a year the importance of controlling the 
flow may be realized. A State law somewhat similar to the one in 
New Mexico for regulating the construction and use of artesian 
wells is needed. 

QUALITY. 

The analyses in the table on page 17 indicate that the waters from 
the lower horizon in the San Simon and Bowie areas generally contain 
only moderate amounts of dissolved mineral matter. In 24 of the 
26 waters analyzed the total solids range from 224 to 468 parts per 
million. One water, that from the E. W. Burress well (No. 47) 
in the western part of the flowing-well area, is very highly mineral- 
ized, the analysis showing 6,578 parts per million of total solids. 
The waters from this part of the area, where the flows are small, 
are in general more highly mineralized than those from the region 
of the largest flows| east and south of San Simon. As in other 
valleys of the Southwest in which the valley fill is derived largely 
from igneous and metamorphic i^ocks rich is sodium, the waters from 
the San Simon and Bowie areas of the San Simon Valley are pre- 
dominantly of the sodium carbonate or " black alkali " type. , 
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Analyses of ground waters from artesian horizon in San Simon and Bowie areas, 
San Simon Valley, Ariz.-N. Mex. 



[Analysts, A. E. Vinson and P. W 


. Moore, of Arizona Agricultural Experiment Statiou.g 




Constituents in parts per million. 


Quality 
for irri- 
gation. 


QuaUty 

for 
domestic 

use. 


No. of 
well.a 


Total 
soUds. 


Carbon- 
ate rad- 
ideCCOa). 


Bicar- 
bonate 
radicle 
(HCO,). 


Sulphate 
radicle 
(BO4). 


Chloride 
(CI), 


Permar 

nent 
hardness 
asCaSOi. 


Black 
alkaUas 
Na^O,. 


22 


330 
284 
468 
386 
338 
312 
6,578 
418 
294 
286 
322 
330 
234 
304 
282 
344 
308 
284 
284 
302 
300 
242 
372 
224 
316 


21 


48 
44 
28 
16 


36 



6.0 
60 


22 


























139 
117 
162 

48 

62 
107 

65 
149 
137 
119 

24 
146 

44 
122 
122 
150 
149 
128 
124 
146 
140 
146 
168 
125 
131 


16 
40 
189 
69 
88 
80 
4,225 
86 
75 
80 
72 
80 
46 
61 
74 
77 
74 
65 
77 
72 
76 
78 
80 
37 
61 


6.1 

18 
9.7 

17 

13 
6.1 

23 

12 
7.3 
5.4 
4.8 
4.2 
4.8 
3.6 
4.8 
8.5 
7.3 

54 
1.2 
2.4 
6.1 
6.6 
6.6 
6.1 
6.1 




89 
• 44 

157 
85 
76 

123 


Fair. 

Good. 

Fair. 
...do.... 
...do.... 
...do.... 

Poor. 

Fair. 

Good. 
...do.... 

Fair. 

Good. 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 


Good. 


25 




Bo. 


28 




Fair. 


29 




Good. 


JO 




Do. 


33 




Do. 


47 


1,349 


Bad. 


48 


170 


Good. 


81 


11 


Do. 


76 


72 
98 


Do. 


79 




Do. 


« 


8.5 


Do. 


104 


42 

70 
64 

2i" 

28 
17 
17 

25" 

17 


Do. 


HI 




Do. 


113 




Do. 


121 

125 

127 


24 
24 


Do. • 

Do. 

Do. 


132 




Do. 


148 




Do. 


149 




Do. 


151 

152 

179 


6.4 
41 


Do. 
Do. 
Do. 


182 




Do. 









a Numbers correspond to those used in table of well records (pp. 2^26) and on PI. II. 

All the waters analyzed from the region east and south of San 
Simon are of good quality for irrigation and domestic use. Although 
most of these waters are of the sodium carbonate type, the amounts 
of dissolved salts are so small that with the good drainage outlet 
afforded through San Simon Creek there is not much danger of the 
alkali interfering with agriculture. The flowing- well waters analyzed 
from the region west of San Simon are all classed as ** fair " irrigat- 
ing waters except that from the Burress well (No. 47), which can not 
be used for irrigation. The waters classed as fair can be used with 
safety where the soil is loose and well drained, but on poorly drained 
soils some precautions would be necessary to prevent accumulation of 
alkali. For domestic use all the waters are satisfactory except that 
from well No. 47, which is a poor domestic water because of its high 
sulphate content and excessive hardness. 

In the Bowie area the water from the Blanks well (No. 26) is a 
good irrigating and domestic water. That from the Bowsher well 
(No. 22) is fairly good for irrigating and entirely satisfactory for 
domestic use. As these two waters are believed to be more or less 
representative, and as the soils are generally sandy and well drained, 
there should not be much trouble with alkali in this area. 
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TEHFEBATUBE. 

The usual range in the temperature of the waters is between 77° | 
and 84° F, (See table, pp. 22-26.) In the region east and south of \ 
San Simon the temperatures are very uniform, very few of the waters 
exceeding or falling below these limits. In the region west of San 
Simon the waters are much warmer, temperature® of more than 90° 
being common, and at three wells temperatures of more than 100° 
were observed. These three were the Lyday well (No. 28) and the 
Baker well (No. 48), where the water has a temperature of 105°, 
and the Triangle Cattle Co. well (No. 29), where the temperature 
is 109°. The most plausible explanation for these abnormally high 
temperatures is that somewhere in their passage imderground the 
waters are heated by imcooled lavas. 

GROUND WATER IN THE RODEO AREA. 

OCCUBBENCE AND SOUBCE. 

The chief water-bearing formations in the Rodeo area are the 
younger stream deposits (see p. 9 and fig. 2) that cover almost 
the entire area. Along the border of the valley these deposits consist 
largely of coarse gravels which readily absorb the water shed from 
the mountain slopes. This water percolates downward and fills all 
the pores in the valley fill below the water table. As the tendency of 
water is to follow the paths of least resistance and to seek the lowest 
levels, the largest accumulations of ground water are generally found 
in the low central parts of the valley. 

In that part of the Rodeo area from the vicinity of Apache north 
to San Simon Cienaga ground-water supplies can be obtained any- . 
where along the axis of the valley and the adjacent lower portions of 
the alluvial slopes by sinking wells to the water-bearing gravels and 
sands. Most wells penetrate at least two water-bearing beds and 
some three or four. In the central part of the valley northeast of 
Apache the first water-bearing bed is usually encoimtered at depths j 
of 100 to 120 feet below the surface, the second between 150 and 170 | 
feet, and the third between 200 and 250 feet. In the vicinity of 
Rodeo the first water stratum is generally found between 70 and 80 | 
feet, the second between 90 and 100, and the third at about 150 feet. | 
Farther north along the draw leading to San Simon Cienaga the I 
first water-bearing bed usually lies between 50 and 60 feet from the 
surface, the second at about 70 feet, and the third between 80 and 90 | 
feet. At San Simon Cienaga water is virtually at the surface, and 
in many wells on the higher ground bordering the cienaga water is 
found within 25 feet of the surface. 
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In the Moore's Spur area and the part of the valley between 
Moore's Spur and Apache ground-water conditions are much less 
favorable. Most of the supplies in this region are obtained from 
small springs or seeps, of which there are many in this region. (See 
PI. III.) These springs are a result of a reversal of the conditions 
that govern ground-water supplies in most parts of the valley. 
Ordinarily the surface waters that percolate into the ground accumu- 
late as ground water in the lower part of the valley fill, where, as a 
rule, porous beds are found. In this region, however, the lower part 
of the valley fill is impervious, or at least there is a layer of imper- 
vious material near the surface, which prevents the water from sink- 
ing and causes it to accumulate in the gravelly upper layers of the 
valley fill and to break out in springs wherever there is an opening. 

DEPTH TO WATEB AND QUANTITY. 

The position of the water table with respect to the surface is 
approximately indicated by the water level in wells. The depth to 
water in all the wells measured during the later part of 1915 is shown 
on the map of the Rodeo area (PI. III). The area where the depth 
to water is less than 100 feet is outlined on the general map (PI. I) . 

In the region southwest of Apache and in the vicinity of Moore's 
Spur the supply of groimd water is small. The principal sources 
of supply are the springs. At a few places spring water is collected 
in earth reservoirs and used to irrigate gardens and small fields, but 
generally the springs furnish only enough, water for stock and 
domestic use. As the springs are supplied entirely by the local rain- 
fall the flow differs with the seasons, and during periods of drought 
most of them diminish greatly in flow or go dry. In some places, 
principally along the stream courses and in localities where thc^ pres- 
ence of ground water is indicated by springs, small supplies are 
obtained from shallow wells. At Moore's Spur some supplies are 
obtained at depths of 100 to 150 feet from beds of basalt (" malpais ") 
interbedded with the valley fill, but generally attempts to obtain 
adequate supplies from the deeper valley sediments have been 
unsuccessful. 

In the region from Apache northwest to San Simon Cienaga 
ground-water conditions are. much more favorable. Most of the wells 
are near the center of the valley, where the supply is largest and 
also most accessible. As shown by the measurements indicated on 
the map (PI. Ill) , the water table slopes with the ground surface but 
at a lesser rate, so that the depth to water decreases from the edges 
of the valley down the slopes toward the center of the valley and also 
northward in the direction of the principal slope of the valley. In 
the area shown on the map (PL I), eidiending from a line 4 miles 
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south of Bpdeo to San Simon Cienaga and including the central 
drainage depression and narrow strips on either side, there is ap- 
proximately 45 square miles where the depth to the water table is less 
than 100 feet. Outside of this tract the depth to water ranges from 
100 to 300 feet, except near the mouths of some of the mountain 
canyons, where shallow water is f oimd in the gravels overlying the . 
bedrock. 

Some idea as to the yield of wells in this region may be gained 
from the performance of the pumping plant of the El Paso & South- 
western Co. at Rodeo. The plant consists of a 20-horsepower Stover 
crude-oil engine, a multi-stage Layne centrifugal pump, and a well 
13 inches in diameter and 160 feet deep. The normal water level in 
the well is 80 feet below the surface. The pump is set 100 feet below ' 
the surface and discharges into a tank at a point 32 feet above the 
groimd. Under continuous piunping at the rate of approximately 
200 gallons per minute the vacuum gage registers 3 pounds per ' 
square inch, which is equivalent to a draw down of 7 feet below 
the pump or a total draw down of 27 feet. The capacity of the 
well is therefore about 7^ gallons for each foot of draw down. 
The performance of this plant indicates that while the quantity of 
water is doubtless sufficient to supply irrigating plants of moderate 
capacity the lift is so great that pumping for the irrigation of 
ordinary crops would probably not be profitable. I 

QUALITY. 

As shown by the analyses in the table on page 21, the waters of the 
Eodeo area generally contain only a moderate amount of dissolved 
mineral matter. The total solids in the waters analyzed range from 
160 to 364 parts per million. Like the waters from the San Simon 
and Bowie areas they are mostly of the sodium carbonate type, but 
contain only small amounts of this salt, and, on the whole, they 
compare favorably with the best deep-well waters in the region to 
the north. For irrigation and domestic use they are all of good 
quality. 
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DEEP WEIiliS IN SAN SIMON VALLEY. 

The following table presents the data collected in 1913 and 1916 
regarding wells in the San Simon and Bowie areas that end in the 
lower or artesian horizon. 

Records of toells in San Simon and Bowie areas ending in lower or artesian 

hforizon, 

T. 12 S., R. 28 E. 



Location 
in town- 
ship. 



BE. 
SE. 
SE. 
SW. 



SE. 
NE. 
SW. 
8W. 



Owner or designation. 



G.C. Davis 

J. O. Gurley 

E.Craig 

D. C^rimshawe 

Westley T^^heeler . . . 

J. A. wheeler 

.....do 

Geo. B. Rentchler. 

W.V.Griffith 

J.W.Lancaster — 



I 

11 
ft 



Feet. 
3,612 
3,730 



3,6eo 



I 



Feet. 
770 
667 
485 

afiOO 
500 



200 
*334* 



I 



In. 

? 

4 

5 
4 
4 

? 

4 



Measurements. 



Date. 






m 



Dec. 15,1915 
Dec. 16,1915 

....do.. 

Deo. 15,1915 

....do.. 

...,do 

....do 

....do 

....do 

....do 



Feet. 

- 72 
o- 70 

-145 

- 40 

- 29 
«- 60 
o- 60 
o-llO 
o- 70 

- 41 



B 

u 

I 



GaUs. 



I, 
If 



T. 12 S., B. 29 E. 



SE. 
SW. 
SW. 
SW. 



Mr.McFarland.. 
Henry D. Sweet. 

....do 

Mr. Goods 



648 
1,068 

760 
0900 



12 



Deo. 15,1915 
Dec. 13,1915 
....do....... 

....do 



o- 30 
- 92 



- 18 



T. 18 S., R. 28 E. 



SE. 

NE. 
NE. 
NW. 
NE. 
SW. 



Bowie Improvement Go.. 

W. G. McCampbell 

do 

H. Kluge 

H. L. Deffenbaugh 

T. M. Winsor 



440 
610 
696 
300 
630 



Dec. 16,1915 
Dec. 12,1915 

....do.. 

....do 

Dec. 14,1915 
Dec. 12,1915 



-106 

- 49 

- 60 

- 60 

- 60 
-100 



T. 18 S., R. 29 B. 



21 


6 
7 
7 
17 
18 
19 


SW. 
SE. 
SW. 
NW. 

NW. 
NW. 


L C Bnmlier 




835 
482 
666 
697 
860 
463 
601 
960 


9 
4 


Dec. 13,1916 

do 

Dec 11,1916 

do.: 

do 

do 

do 

.....do 


a- 6 

••i:*23" 

- 20 

- 40 

- 45 

- 30 






2?A 


M. C. Bowsher 








73 


G. Kfllough 






24 


AliceC Burnett 


8,700 






*fM* 


J. G. Blanks 




88 


26 


H. E. Gallowav 






71 


W. D. Armstrong ......... r r - , 


3,661 






28l> 


24 


SE. 


Mrs. E. M. Lvdav 


26 


lOf) 











KAppnudmate. 



ft For analysis of water, see p. 17. 
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Records of wells in San Bimon and Bowie areas ending in lower or artesian 

horizon — Continued. 



T. IS s., R. so E. 



in town- 
ship. 



Owner or designation. 



I 



^lift^ in^ymmi^y. 



Date. 



till 



M 
I 



I 



90b 

81 
32 



84 

36c 

36 

37 

38 

39 

40 

41 

42 

43 

44 

46 

40 

476 

48b 

40c 
60 



NW. 

NE. 

NW. 
NE. 



8E. 

8W. 

NW. 
8W. 

NE. 

NE. 

NE. 

NE. 

NE. 

8E. 

NE. 

NW. 

NW. 

NE. 



Triangle Cattle Co.... 

Fred H.Jones 

J.B.Moore 

KlssL. K.Stanbery. 

Globe Co 



NW. 

sw. 

NE. 



UaryCimer.. 

J. F. Dowdle.... 
If. Q. Hardin... 
Oeo.H. Ebsen.. 
W.C.Morrison. 

Mrs. Lewis 

....do 

Geo. E.Sligh... 

Mrs. Stencil 

Thos. Lane 

J.H.AverlU.... 

....do 

E. W. Burress.. 

B.F.Baker 

G.N. Pettie.... 
Morgan Wilson.. 



Feet. 



3,553 

3,560 

3,566 
8,567 

8,588 
8,580 



8,661 

3,606 
3,610 



Feet. 
860 

goo 

050 
760 



goo 
goo 



In. 



Fed, 



000 



035 

860 

1,230 

080 

810 
1,000 



•3 



20,1913 
Oet. 26,1915 
Deo. 29,1913 
Oct. 26,1915 
Oct. 26,1915 
Oct. 25,1915 
[Dec. 29,1913 
lOct. 25,1915 
fDec. 29,1913 
tpct. 26,1915 
Dec. —,1913 
Oct. 26,1915 

....do.. 

Oct. 25,1915 
Oct. 23,1915 

....do.. 

Oct. 27,1916 

....do.. 

....do 

Oct. 26,1915 

....do.. 

....do 

Dec. 10,1915 
Dec. 29,1913 
:Dec. 11,1915 

....do.. 

Oct. 23,1915 



+13 



OaUs. 



+18 

:+ii 



+ 9 



+ 3 



+19 
-11 



+ 9 



8 
4 
11 
30 
21 
23 
18 



1 
1 

a 10 
2 



W 



*F. 

109 
109 
98 
93 
96 
88 
90 
90 
96 
96 
67 
92 



80 
75 
80 
84 
77 
81 



84 
78 



105 
105 



69 



T. 18 S^ R. 81 E. 



51 


8 


68 


17 


63 


17 


64 


17 


65 


17 


66 


18 


67 


18 


68 


10 


60 


19 


60 


20 


616 


20 


63 


20 


63 


20 


64 


20 


66 


20 


66 


90 


67 


31 


68 


21 


69 


22 


70 


22 


71 


27 


72 


27 


73 


28 


74 


28 


76 


28 


766 


29 



8W. 
NE. 
NW 



8W. 

NE. 

SW. 

NE. 
SW. 

NW. 

NE. 

NE. 
8W. 
SE. 
SE. 
SE. 
SE. 
SE. 
SW. 
SW. 
BW. 
SW. 
NW. 

NE. 



NE. 



Walter C. Wiley 

Mr. Herald 

Triangle Cattle Co 

A. E. Palmer 

.....do 

Sam L. Gray 

R.B.Comett 

Cbas. Welch 

G.B. Bamett 

A. E. Palmer 

Wm. Gregg 

Geo. B. MarshaU 

John Vest 

James Salyer 

Mrs. Gordon Wharton. 

Walter Grant 

Mr.Hedridc 

....do 

A. B. Hulsey 

....do 

Mr. Jennings 

.....do 

R.O.MeiTitt 

J.C.Campbell 

Walter Grant 

G. £. Darsey 



8,637 
8,661 
8,638 
3,618 



• Estimated. 

6 For analysis of water see p. 17. 

• Casing pulled and well flUed up. 



8,640 



3,566 
3,604 
3,502 
8,609 
3,618 



3,600 
3,616 
3,623 
3,696 



400 
'660 



840 
610 



650 
840 
660 



600 



640 
615 



550 
600 
506 



610 
673 

549 

626 

618 



\Oct. 

Oet. 
/Dec. 
\Oct. 

Oct. 

Oct. 



Oet. 19,1915 

....do.! 

....do 

....do 

Oct. 18,1915 

....do.. 

/Deo. 29,1918 
\Oct. 25,1915 

Oct. 18,191& 
/Dec. 80,1913 
25,1915 
19,1915 
80,1913 
19,1915 
19,1915 
18,1915 

....do.. 

Oct. 19,1915 

....do.. 

Oct. 20,1916 

....do.. 

....do 

....do 

Oct. 20,1916 

...v-do 

..A.do 

/Dec. 80,1913 
\Oct. 20,1915 

do 

/Dec. 80,1913 
\Oct. 30,1915 

d Less than 1. 
'Verytmall. 



-80 



+ 5 
+13 
+ 8 
+14 
+24 



+26 
+12 
+23 
+11 
+10 



+18 
+18 
+27 
+ 9 
+ 9 
-13 
-11 



-26 
+26 



+12 
+80 
+61 
+26 



1 
80 

2 

3 
10 

6 

8 
24 



45 
64 
1 
24 
111 
136 
68 
12 



164 



61 
107 
64 
13 



84 
79 



88 
88 



84 



84 
83 
73 
84 
83 
83 
80 
72 



80 
82 
81 
78 
79 
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Records of toells in 8a/n Simon ofid BoiHe areas ending in lower or artesian 

horizon — Continued. 

T. IS S., B. SI E.--Continaed. 





Location 
in town- 
ship. 


Owner or designation. 


If 


, 


1 


Measnremeints. 


i 


1 


1 


Date. 


Height of water 
above (+) or 
below (-) sur- 
face. 


a 

u 


^ 


77 


29 
30 
30 
30 
31 
31 
31 
31 

33 

33 
33 
33 
33 
34 
34 


SE. 
SW. 
SW. 
SE. 

NW. 
NW. 
SW. 
SE. 

NE. 
SE. 


G.E. Darsey 


Feet. 


Feet. 
760 


In. 

4 


Oct. 20, 1915.. 


Feet. 

+42 


Galls. 
95 

1 


op 

81 


78 


C. E. Smith 






790 


San Simon Townsite Co 




850 
1,008 
1,200 


6 
6 

P 

6 
5 

6 

8 
5 
6 

? 








80 






Oct. 22,1916 
do 




5 


79 


81 


Mrs. Winslow 






82 


.....do 




do 




10 
36 
36 

6200 
144 
21 
170 
120 
91 
36 
23 


83 


83 


John Homrichausen 




884 
860 

690 

090 
663 

■"'mo' 

830 
C600 


Oct. 23,1916 
Oct. 22,1915 

/Dec. 30,1913 
\Oct. 20,1915 

Oct. 12,1915 

do 

do 

Oct. 4,1916 

do 

do f 


+29 

+25 

"+3i" 

+23 
+20 
+ 4 
+11 


84 


84 
86a 


Guy Pannei and Gordon 
Wharton. 

F. J. Barnes 


3,624 
3,662 


82 
80 


8ft 


M. T. Bruce 


81 


87 


do 


3,645 
3,645 


81 


88 


SE. 

SE. 
NW. 

ew. 


A.M. Bruce 




8Q 


J. M. Hall.. . . 




90 


W. F. Frye 






91 


Mr.HaU.. 


3^670 

















T. ] 


U S.. R. 


SOE. 












92 


1 
2 
12 
12 
12 
13 


SW. 
SW. 

NE. 
NE. 
NE. 
SE. 


A.L. Paschall 


3,644 
3,661 
3,649 
3,649 
3,649 
3,699 


920 

987 

1,040 

""880* 
743 


5 

6 
9 

7 
4 


Oct. 23,1916 
Sept. 29, 1915 
Oct. 21,1915 
do 




2 


81 


93 


H. 0. Carr 




94 


Fi-ank Meade 




96 


do 


82 


96 


do 


do 




78 


97 


Mr. Russell... ;.... 


Oct. 15,1915 


+ 9 


72 















T. 14 S., R. SI E. 












98 


3 
3 
3 
3 
3 
3 

4 

4 

5 

5 

6 

6 

7 

7 

7 

8 

8 

8 



9 

10 

10 

10 

10 

11 

11 

13 

13 

13 

14 

15 
16 


NE. 

NE. 

NW. 

SW. 

0E. 

SE. 

NE. 

SW. 
NW. 

SW. 

NW. 

NW. 

SW. 

S£. 

SE. 

NE. 

NE. 

NE. 

SW. 

SE. 

NE. 

NW. 

SE. 

SE. 

SW. 

SW. 

NW. 

SW. 

SW. 

NW. 

NW. 
NW. 


W.S.Smith 


3,695 

3,695 

'3,658 


600 

766' 

626 

704 

650 

680 

570 

■"'776' 
640 
900 
760 

""796* 
820 
800 
800 
775 
603 
624 


5 

6 

6 
6 

4 

? 

4 
4 
4 

6 
6 
6 
6 

? 

6 

? 

4 
4 

4 

SI 


Oct. 4,1915 

do 

do 

Oct. 17,1915 

Oct. 4,1915 

do 

/Dec. 26,1913 
tOct. 17,1916 
do 

Oct. 21,1915 
do.' 


- 3 

- 3 
+24 
+24 

•• + •2' 

+ 9 
+13 

. +15 






99 


do 






100 


£.0. Adams 


06 
166 
4 
3 
17 
23 

<! 

45 


80 


101 


P. J. Barnes 


75 


102 


A. O.'Pieroe 






ia3 


do 






104a 


SteHaE. Ebsen 


3,639 





XOR 


JohnW. Toles 


74 
7« 


106 


Mrs. Collier 


3,628 
3,631 




107 


Luther Thorstenbere 


78 


108 


J.H. Hibler 7 


do 






109 


oian Hanum 




Oct. 22,1915 
Oct.. 15,1915 
Dec. 27,1913 
Oct. 16,1916 

do 

.,.„do 


'"+36" 

+38 

i 


78 


110 






77 


1110 


H. S, C^araberlftin 


3,659 
3;669 




112 


do 


35 

8 


77 


113a 


lu^ A^tan^ 


78 


114 


do 






115 


do 






116 


M. H. Bntler 




Oct. 16,1016 
Oct. 17,1915 

do 

Oct. 13,1915 
Oct. 6,1915 
Oct. 13, m6 
Oct. 6,1915 

do ,. 

do 

do 

do 


11 

: +^^ 


46 
107 
222 
. 24 

20 


80 


117 
118 


San Simon Land & Water Co. . 
J.E.Somervell 


3,633 
3,674 
3,655 


76 
80 


119 


E. A. Washburn 


74 


120 


M.R.LaRue 




121a 


do 




650 
433 
730 
520 
490 
530 

440 

822 
790 


78 


122 


J.A.Shaw 


3,681 


7« 


123 


do 


72 


KVt 


R. B. Cornett 






125a 


Eugene Beloh •. 


5,705 
8,705 

3,678 


■2 

60 
206 
274 


80 


126 


do 


76 


121^ 


M.T.Bruce. 


/Dee. 26,1913 

lOct. 6,1915 

Oct. 14,1915 

do....... 


^ +45 
i +20 

"'+36' 




128 


E. A . Wfl8hburn . 


79 


129 


do 




80 



a For analysis of water see p. 17. 
6 Estimated. 
e Approximate. 



i Less than 1. 
< Combined flow. 
rSmaU. 
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Record^ of weUs in Son Mmon and Botoie a/reas ending in lower or (Mrtesicm 

horizop — Continued. 

T. 14 S.» R. 31 E Conthined. 





Location 
in town- 
ship. 


Owner or designation. 


1 

If 


i 


t 



1 


Measurements. 


i 


1 




Date. 


Height of water 
above (+) or 
below (-)sur- 
foce. 


u 

1 




1 


130 


15 
15 
16 

17 

17 
19 
20 
20 
20 
20 
21 
21 
21 
21 
22 
22 
22 
22 

22 

23 

23 
23 
23 
23 
23 
24 
25 
25 
25 
25 
26 
26 
,26 
26 
26 
27 
27. 

28 

33 
34 
35 
35 


sw. 

SW. 
SE. 

NB. 
NW. 


E.A.Washburn 


Feet. 
3,676 
3,676 
3,674 

3,657 


Feet. 

""m 

715 
830 


In. 

4 

4 
5 

? 


Oct. 14,1915.. 


Feet. 


Galls. 
74 
125 
31 
55 
18 

...... 

3 


op 

79 


181 


do 


do 

. ...do 




83 


13?a 


do 


79 


133 


Dr.J. P. Rice .' 


/Dec. 28,1913 
\Oct. 15,1915 

do 

do 

do 

.....tio 


+38 
+16 
+27 

•••-•7- 




134 




84 
79 


135 


NW. 

NE. 

'se!? 
sw. 

NE. 

NE. 

SW. 

SE. 

NE. 

NW. 

SW. 

sw. 

SE. 

NW. 

NW. 
SW. 
SE. 
SE. 
SE. 
NW. 
NE. 
NW. 
NW. 
SE. 
NEv 
NW. 
NW. 
NW. 
SW. 
NW. 
SW. 
• NE, 

SE. 
NW. 

NE. 
'SE. 


Wm. Homrichausen 




1,140 


70 


136 


G.J. Purdy... 




83 


137 


S. B.Morrow 








138 


F. W. Bartlett 






4 

10 
5 

1* 

4 
5 


do....... 

Oct. 9, 1915 
Oct. 15,1915 

do 


+ 8 

■"'+i6' 


5 
1 


86 


139 


Mr. Foxwortb 


3,727 


1,052 
875 
730 
770 
800 
620 




140 


Will Buck 


77 


141 


......do 


3,696 


84 


142 


Dr. W. N. fitewart 


.....do...:... 
Oct. 9,1915 
Oct. 7, 1916 
Oct. 13,1915 
Oct. 9, 1915 

do 


+ 7 
+11 
+10 
+ 8- 
+ 9 


at 

28 

9 

40 

I»30 

"m 

432 
250 
250 

"iso' 

'""96' 
87 

134 
65 
60 

137 




143 


C. R. Anderson 


3,706 


8'> 


144 


J.D.Averill 


78 


145 


Mr. Cox , 


3,694 
3,704 
3,701 
3,702 

3,692 


80 


146 


C. E. Wharton '. 


750 
.760 

770 

705 

725 
750 
620 
720 
580 
590 
640 


4 
4 

4 
6 

? 

5 

P 
it 

"6" 
4 

4 

51 

6 


8S 


f147 


do 




148a 


Mrs. S. M. McKinney 


/Dec. 27,1913 

\Oct. 13,1915 

/Dec. 24,1913 

Oct. 7,1915 

. do 


+38 
+17 

**'+24' 


83 


149n 


Peter Jensen 


:::: 


150 


do... 


84 


151o 
15?a 


.....do 

Mrs. T.fxzie Hammons. . . 


3,711 


do 

Oct. 16,1915 
Oct. 7, 1915 

do 

Oct. 6, 1916 
Oct. 7, 1915 

do 

do 

do 

Oct. 9, 1915 

do 


+11 
+10 
+ 9 
+ 9 
+18 
+17 
+12 
+ 9 
+13 


83 

80 


153 


do.., 


3,709 


80 


154 


do 


79 


I'Vi 


Mrs.Hegie 


3,698 
3,714 
3,713 


77 


156 


Mrs. Fraiik Lewis. 


80 


1'>7 


Albert Jones. : 


80 


158 


do 


78 


159 


J 1. Fill 




660 
800 
735 
920 
800 

"""746" 

885" 

780 

791 
791 
800 
707 


83 


160 


H.O.Carr 






161 


do 






22 
&25 
620 


81 


16?- 


do 


3,720 
3,724 
3,742 


do 




84 


163 


do 


do 






164 


Mr. Payne 


Oct. 16,1915 

Oct. 9, 1915 

Oct. 16,1915 

/Dec. 27,1913 

\Oct. 8, 1915 

Oct. 2,1915 

..do 


- 6 

**"i:i4' 

+17 

- 5 
c- 3 
d_30 

-18 
-35 




165 


A. S. McKinney 


3 


83 


1<V> 


J. J. Rhodes....: 






167 


A . Cu«ITnir|s-- , , , ..... 




70 


.... 


168 


Verne A. Garrison 






.... 


169 


Jeff T>, Rftftgftii . 








170 


J. S. McCrory 


3,758 


4 
61 


Oct. 16,1916 
do... 






171 


Wm. Maude --. 























T.14S.,R.S2E. 












17? 


18 
19 
19 
19 

'29' 
.29 

29 

29 
29 
30 
31 
32 


NE. 
NW. 
SW. 
SW. 

NW. 
NW. 

SW. 

SE. 
SE. 

NW. 
NW. 
NE. 


E. E.Voglar 




620 
390 
441 
207 
350 
360 
410 

350 

760 
300 
560 

dm 

409 


4 

4 

if 

4 

7| 


Oct. 6,1916 
Oct. 6, 1915 
Oct. 7, 1915 
Oct. 6,1915 
Oct. 6,1916 

do 

Oct. 6, 1915 

/Dec. 23,1913 

\Oct. 6,1915 

Oct. 6,1915 


«-36 

""J.Q 

- 7 
-23 

'•' + *5' 
-18 






173 


Arthur Starr 


3,710 
5,711 
3,704 


620 

/300 

254 


7'> 


174 


Dr. J[. R. Kight........ 


80 


175 


:....do 


73 


176 


F. X. Grahani , 




177 


A. blander. 








178 


5. J. Graham,^ 








179a 


A- OlftTidp.r- , 


3,725 


34 
17 


}70 


180 


W.A.Paul ' . 


181 


jnhn Heed«T\- 






• 


18?a 


J.L.HiU 





t 


Oct. 7,1915 
Oct. 16,19115 
Oct. 6,1916 








183 


Mr. Minges 


3,738 
3,744 


"H's" 


20 


78 


184 


Dr.J.R. Kight 













a For analysis of water, seep. 17. 

b Estimated. 

« When first drilled. 



tf Approximate. 

« YHien first drilled; well now filled up. 
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Records of wells in Ban Simon and Bowie areas ending in lower or artesian 

horizon — Ck)ntinaecL 



T. 15 S., R. S2 E. 



Location 
in town- 
ship. 



Owner or designation. 



1 



& 



Measurements. 



Date. 



[III 



u 

I 



ll 



186 
186 
187 
188 
189 



Feet. 



Feet, 



In, 



NW. 
NW. 
NW. 



H. F. Ciopeland. 

JohnKirby 

do- 
do.. 



C.N.McLarty. 



a400 


5 


520 


4 


380 


3 


603 


4 


572 


4 



Oct. 29,1915 
Oct. 7,1915 

....do... 

....do 

....do 



Feet. 



-19 
- 3 



Gattt, 



b-12 
-32 



76 



a Approximate. 



ft When first drilled; well now filled up. 



FLOWING WELLS IN ARTESIA VALLEY. 

Artesia Valley occupies an erosional trough in the Quaternary 
Lake beds in the lower part of the San Simon basin, at the eastern 
base of the Pinaleno Mountains. The valley is one-half to 2i miles 
wide, trends northeast, and drains into the Gila Valley. The bottom 
of the valley is flat and from 25 to 100 jfeet below the general surface 
of the basin. In the vicinity of Artesia, where the valley is widest, 
there are several thousand acres of good farming land, a part of 
which is irrigated by water from flowing wells. 

The artesian conditions in Artesia Valley are similar to those 
in the San Simon flowing- well area. The water is found in sand or 
" honeycomb " sandstone overlain by impervious clay, generally blue, 
but in some places red or white. The first flows are generally encoun- 
tered between 200 and 400 feet from the surface and succeeding flows 
at different levels to depths of about 900 feet. 

The wells range in depth from 400 to 90P feet and are generally 3 
to 6 inches in diameter. Most of the wells are cased only in part, and 
some of them have only one joint of casing at the top. In many of 
the old wells wooden casing was used. 

Between 30 and 40 wells were flowing in 1915. The flows ranged 
from only a few gallons to 150 gallons per minute. Many of the 
older wells that are cased only at the top have caved or filled with 
sand, so that the flow has diminished greatly or ceased entirely. 
Some of the larger and better constructed wells have been flowing at 
an undiminished rate for several years. 
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Few of the wells sji^e fitted with valves, and consequently there is a 
large waste of water, especially during the times when the demands 
for irrigation are light. As the water contains considerable dissolved 
mineral matter the raising of the water level has caused heavy accu- 
mulations of alkali in the soil in the lower part of the settlement. 

IRRIGATION. 

FLOWING WELLS.^ 

In the San Simon flowing-well area about 1,500 acres were irri- 
gated by flowing wells in 1915. (See PL II.) Most of the irrigated 
lands are in the eastern and southern part of the flowing-well area, 
where the flows are large enough for irrigation on a conmiercial scale. 
North and west of San Simon the yield of the wells is generally too 
small except for the irrigation of gardens. 

From some of the larger wells the water is run directly into the 
ditches, but the usual practice is to store it in earth reservoirs, from 
which it is run onto the land. In this way considerable water 
is lost by seepage and evaporation, but the entire flow of the wells is 
more completely utilized and a more effective irrigating stream is 
obtained. 

In Artesia Valley about 800 acres is irrigated from flowing wells. 

PUMPING. 

In the San Simon area several pumping plants are in operation and 
others are being installed. T^ie total acreage irrigated by pumping 
in 1915 was about 150 acres. The plants are located over deep wells 
outside of the flowing-well area, where the water does not reach the 
surface, and over flowing wells whose yield is insufficient for irri- 
gation. 

In the part of the Bowie area lying east and north of Bowie the 
water in deep n wells rises near enough to the surface to be profitably 
pumped for irrigation. In 1915 a number of plants were in opera- 
tion and about 300 acres was irrigated. 

SUMMARY OF CONCIiUSIONS. 

1. Practically all the water in San Simon Valley is derived from 
the precipitation on the drainage basin; there is no considerable 
inflow of water from other basins. 

2. In the San Simon and Bowie areas there are two distinct 
ground-water horizons; an upper horizon in the younger stream de- 
posits and a lower or artesian horizon in the deposits below the dense 
clay of the lake beds. 

3. In the San Simon area the ground water of the upper horizon 
is less than 100 feet below the surface throughout a large tract 
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extending along the axis of the valley. The supply has proved ample 
for watering stock, for domestic needs, and for the heavier demands 
of the railroad, and if it can be pmnped economically it is probably 
large enough for considerable irrigation. It is doubtful, however, 
whether it would be profitable at present to pump this supply for 
irrigation. In the Bowie region the supply at the upper ground- 
water horizon is very scanty and it is generally necessary to sink 
to the lower horizon, even for small supplies. 

4. In the lower ground-water horizon the water is under hydro- 
static pressure, so that it rises in wells when the water-bearing beds 
are penetrated. In the San Simon flowing- well area the pressure is 
sufficient to cause this water to rise above the surf ace in wells. In 
the Bowie area the water is also under pressure and in some locali- 
ties it rises close enough to the surface to be economically pumped 
for irrigation. 

5. Measurements show that the head and yield of wells has de- 
creased considerably in the two-year period between 1913 and 1915. 
This decrease is largely due to the filling of the uncased Wells with 
sand and the caving of the walls of these wells, but it may in part be 
due to the increase in the number of wells and depletion of the 
artesian supply. 

6. It is of the utmost importance for the future welfare of the 
valley, that all wells be properly cased to the bottom with heavy 
casing and be fitted with valves which will be closed when the water 
is not needed. Faulty construction of wells and waste of artesian 
water will result in disaster, just as they have in other artesian 
basins. 

7. The flowing-well waters are mostly of the sodium carbonate 
type, but they generally contain only small amounts of dissolved 
solids and are of good quality for irrigation and domestic use. 

8. In the vicinity of Apache and Moore's Spur the ground-water 
supply is small and uncertain, but some water for stock and domestic 
purposes is obtained from shallow wells and springs. In the vicinity 
of Rodeo and in the central part of the valley north of Rodeo there is 
a considerable area in which the depth to the water table is less than 
100 feet. In this area the supply is probably large, but on account of 
the lift that would be required it would probably not be profitable at 
present to pump it for irrigation. 

9. All the waters analyzed from the Rodeo area are good irri- 
gating and domestic waters. 
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AGRICULTURE. 

By R. H. FoBBES. 
HISTOBICAL NOTES. 

San Simon Valley, like most other valleys of central and southern 
Arizona, contains traces of a crude prehistoric agriculture. Near 
the confluence of San Simon Creek with Gila Kiver, above the village 
of San Jose, are the remains of an ancient ditch, several miles long, 
which served a large Indian town that was situated just east of 
Solomonsville. In the ruins of this town numerous artifacts of stone 
and pottery have been found. In the artesian district on the east 
slope of Graham Mountain small rectangles formed of man-handled 
stones mark thg f omidations of the primitive dwellings of an un- 
known race; aim burial urns containing charred human remains and 
awls and needles of antelope and turkey bone have been dug up in 
this vicinity. 

On the mesas north ot the Gila, opposite its junction with San 
Simon Creek, there are considerable lareas of level land, the stones 
from which have been collected in irregular rows to form numerous 
small plots of cleared ground. These may have been camp grounds, 
or possibly, during the summer rainy season, they may have been 
used for the culture of aboriginal crops, such as com and beans. 
Com, beans, and native cotton have been found in cliff dwellings on 
Bonita Creek, a few miles distant. All this is evidence that the 
region was formerly inhabited by more or less sedentary peoples, 
who must have supported themselves partly by hunting and partly by 
a primitive agriculture. 

Civilized occupation of the region did not begin until the sixties 
of the last century, when a colony of Mexicans settled the village of 
San Jose, near the mouth of San Simon Creek, and irrigated their 
land with water from the Gila. They were followed by Americans, 
at Solomonsville, in 1870, and by subsequent colonies at Safford and 
in the Artesia district 

American cattlemen first grazed their herds in San Simon Valley 
about 1867, being attracted by profitable contracts to supply 
beef to army posts in Southeastern Arizona. Overgrazing and ero- 
sion have so devastated the valley in recent years that it now sus- 
tains only a comparatively small number of cattle. 

The discovery of artesian water at San Simon station, on the 
Southern Pacific Railroad, in 1910 gave a considerable impetus to 
the agricultural development of the surrounding district by artesian 
wells. 

The lands now actually under cultivation in the entire San Simon 
Valley, exclusive of the part that is irrigated from the Gila, are 
74361«»— 19— wsp 425 3 
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roughly estimated to include, in the Bowie district and on the east 
slope of the Chiricatua Mountains, 500 acres, in gardens, orchards, 
and forage crops; in the Rodeo district, 800 to 1,000 acres, in grain 
sorghums, com, and beans; in the Saii Simon district, 2,000 to 2,500 
acres, in grain sorghums, sweet sorghums, alfalfa, com, and winter 
grains; and in the Artesia district, 800 to 1,000 acres, in gardens, 
orchards, and forage crops. 

SdlLS. 

The valley fill consist^ largely of heavy yellow and bluish clays 
laid down in a lake that occupied the basin in late geologic time. 
These lake beds are exposed along the Gila Valley and in the north- 
' ern part of San Simon Valley. Beds of volcanic ash, which settled 
in the waters of the ancient lake, outcrop at a number of places in 
the Gila Basin. This material, which is locally but erroneously 
known as " gyp rock," is soft and easily worked and has been con- 
siderably used in the Gila Valley as a buildipg stone. 

Overlying the lacustrine deposits in many places are gravels and 
sands washed down from adjacent mountain sides. Detrital deposits 
of poorly sorted boulders, gravel, and sand extend as alluvial fans far 
out into the valley from the mouths of the steeper mountain canyons. 

The soils of San Simon Valley thus consist of heavy, impervious 
clays derived from lacustrine deposits, and sandy or gravelly loams 
derived from material washed down from adjacent mountain slopes. 

By reason of the steep gradients and good drainage extensive 
accumulations of alkali salts do not occur in San Simon Valley. 
As the drainage basin contains large areas of granitic rocks, how- 
ever, sodium carbonate is found in the soils and in the artesian waters 
of the district. One effect of this sodium carbonate, or black alkali, 
may be to make more difficult the cultivation of the valley bottom 
clay, which tend^ to become deflocculated, plastic, and impervious 
under its influence. The soils of the valley are nearly everywhere 
fertile under irrigation, but, like soils elsewhere in the semiarid 
Southwest, they are deficient in nitrogen and humus. There is a 
considerable area of marshy soil at San Simon Cienaga, where the 
combined drainage of Cave Creek and upper San Simon Creek has 
formed a body of black land rich in organic matter, derived from 
locally abundant vegetation. 

VEGETATION. 

The native vegetation of San Simon Valley is of high economic 
utility. Pine forests at higher altitudes, in the Chiricahua and Pina- 
leno mountains, have afforded local supplies of lumber for many 
years. A scattering growth of juniper, oak, and walnut below the 
pines supplies timber and posts. Sycamores and cottonwoods border 
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the stream courses, and a stunted growth of mesquite, valuable for 
fuel and posts and for its nutritious pods, covers large areas in the 
valley bottom. 

The valley was originally grassy. Extensive flats covered with 
sacaton occupied the flood plain, restraining the summer storm waters 
and effectually preventing erosion. With the advent of cattle, how- 
ever, the sacaton was overgrazed, and erosion began along cattle 
trails and wheel ruts and continued until the valley is now drained 
throughout most of its length by deep and wide barrancas, which 
have permanently changed the surface. Sacaton pastures are there- 
fore now in large part replaced by bare flats or play as, which, how- 
ever, during the summer rainy season, produce an abundant crop of 
"red-root" forage, much relished by cattle. An annual growth of 
grama and six- weeks grasses covers the higher ground and still sup- 
ports a considerable number of cattle. In favorable places there is 
a growth of other forage plants, such as succulent fruit-bearing 
opuntias, which are eaten by cattle; saltbushes^ and even sotol, or 
Spanish bayonet, the sweet young flower stalks of which are eagerly 
eaten by range cattle. Alfileria has been introduced and affords 
winter feed. 

On the whole, stockmen regard the San Simon Valley as brushy 
or " browse " country, rather than as typical grassland. 

AGBICXTLTTrRAL FOSSIBILtTIES. 

Aside from grazing the types of agriculture practiced or proposed 
within San Simon Valley are irrigation farming by surface water 
or by water from artesian wells, dry farming, dry farming supple- 
mented by irrigation with flood water and pumped water, and dry 
farming supplemented by the use of the adjacent range for grazing. 

IRRIGATION FROM STREAM FLOW. 

In the Chiricahua Mountains small isolated areas are irrigated 
by mountain streams, whose effectiveness may hereafter be increased 
by means of small storage reservoirs. These high irrigated areas 
are well adapted to raising fruit, especially apples, pears, peaches, 
plums, prunes, grapes, and bush fruits, as well as grain, forage 
crops, and many kinds of vegetables. Such products find a ready 
market in adjacent mining camps, so that the cultivation of these 
small but well-watered areas is profitable. 

ARTESIAN IRRIGATION. 

Two distinct artesian districts have been developed within the 
valley. The older of these districts, which was discovered about 
20 years ago, lies on the east slope of Graham Mountain, at an alti- 
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tude of 3,500 to 4,000 feet. Most of the wells are south of Safford, 
in washes that lie below the mouths of mountain canyons. Their 
water supply is apparently derived from mountain run-oflP caught 
under the edges of uptilted clay strata, between which the water 
descends with accumulation of hydrostatic head. These wells yield 
black alkaline water, and some of them carry a high content of 
sulphates and common salt. These waters, through their use for 
irrigation, but more especially through the waste from uncapped 
wells, have caused the accumulation of injurious amoimts of alkali 
in the soils of some areas. In this district, which is well above 
the general level, the air circulates freely, so that the cold air 
flows out and is replaced by warm air from lower levels. The sea- 
son is therefore about three weeks earlier than in the lower-lying 
Gila Valley. The soils of this district are sandy loams, which are 
well adapted to gardening. Alfalfa and other legumes should be 
grown in this district, for the artesian waters used carry no sedi- 
ments rich in organic matter and nitrogen, as do the muddy river 
waters used for irrigation in other parts of the region. Deciduous 
fruits may be grown here successfully, and also some subtropical 
fruits that resist frost fairly well, such as certain varieties of figs. 
Bees and poultry do well, and goats have been ranged in connection 
with general farming. 

The San Simon artesian basin was discovered in 1910. It lies in 
the valley bottom on the Southern Pacific Railroad, at an altitude 
of about 8,600 feet. Its soils and climate are probably not so well 
adapted to fruit growing as some other parts of the valley, but the 
more abundant artesian and flood- water supplies are favorable to 
general farming. 

Wheat and barley and both grain and forage sorghums grow well 
in this district, and Sudan grass thrives on even a scant supply of 
water. Certain varieties of Indian corn, such as Mexican June, do 
well, and so also does alfalfa, in places where sufficient water can be 
provided. 

Most of the lands in this district must be grubbed and leveled, and 
reservoirs must be constructed to store good irrigating heads of 
water from the wells, which generally yield too small a flo,w to afford 
a direct supply for irrigation. The use of silos for storing succulent 
forage will materially assist in developing the live-stock industry in 
this district. Irrigation farming should as far as possible be carried 
on in conjunction with stock raising or vice versa. In this way the 
irrigated forage supplements the wild feed of the range, and the 
range supplies feeders for the irrigated forage as well as for supple- 
mentary wild feed at times of favorable rainfall. 
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DRY FARMING. 

The somewhat uncertain and varying precipitation averages from 
10 to 15 inches yearly, and therefore dry farming, if unassisted by 
supplementary water supplies, can hardly insure satisfactory crops. 
In unusually favorable seasons, such as the winters of 1904-5 and 
1915-16, the rainfall is sufficient to make grain hay or even to mature 
a crop of wheat or barley. 

A favorable succession of summer rains will also make such hardy, 
quick-growing crops as milo maize, f eterita, tepary beans, pumpkins, 
and Sudan grass. After a few such favorable seasons speculative 
promotions of so-called dry- farming lands have led to the settlement 
of lands which later have been found to require a more certain and 
abundant water supply than is ordinarily afforded by direct rainfall. 

Supplementary supplies in areas outside of artesian districts can be 
obtained occasionally by the use of flood waters and by pumping from 
wells. Storm waters from higher altitudes, particularly in summer, 
are diverted .and used successfully by the Mexicans and Indians of 
the Southwest for irrigating quick-growing crops of corn, beans, 
melons, and squashes, and, especially with the help of small storage 
reservoirs, should be available in San Simon Valley where the topog- 
raphy is favorable. 

In certain areas wells of moderate depth and good capacity may 
be pumped to advantage. On the edges of the artesian district the 
hydrostatic head brings deep-well waters nearly to the surface, so 
that they can be easily pumped. By the use of pumped water at 
critical times to start or save a crop the dry-land farmer may tide 
over periods when rainfall fails to afford an adequate supply. 

In brief, it may be stated that at altitudes below 5,500 feet in 
San Simon Valley and elsewhere in Arizona dry farming must be 
supplemented by a water supply, either from storms, storage reser- 
voirs, or wells. 

FARM MANAGEMENT. 

Though but few exact data are available upon which to base any 
very definite recommendations, certain suggestions may be of profit 
to the new farmer in this district. Where the water supply is com- 
paratively abundant, as at Artesia, in the Chiricahua Mountains, and 
near San Simon, the farmer's problem is comparatively easy. He 
can grow a great variety of deciduous fruits, vegetables, and forage 
crops. But where only the rainfall, supplemented by a scanty sup- 
ply of ground water, is available the problem becomes difficult and 
its successful solution requires careful management. 



Digitized by 



Google 



34 CONTRIBUTIONS TO HYDKOLOGY OF UNITED STATES, 1917. 

The home vegetable garden. — Of immediate importance to every 
pioneer family is the area, say about an acre, of fruit trees and 
garden that may be irrigated by water from the house well, pumped 
by a windmill or a small oil engine and stored in a small tank or 
reservoir to maintain an irrigating head. By means of this equip- 
ment the table may be supplied every month in the year with a 
variety of excellent vegetables — in spring and summer with aspara- 
gus, corn, beans, pumpkins, squashes, melons, cantaloupes, tomatoes, 
and deciduous fruits, such as peaches, apples, pears, grapes, and 
plums, and in winter with beets, cabbage, cauliflower, onions, turnips, 
radishes, lettuce, and spinach. Some of these products, such as 
Hubbard squashes, pumpkins, and dried fruits, will keep for a long 
time. Cabbage may be made into sauerkraut and fruits may be 
canned. Half the food supply of an ordinary family may thus be 
obtained from a well-tended vegetable garden that is properly 
planned, cultivated, and protected from insect pests. 

Hardy trees for shade and ornament, such as tamarisks, oleasters, 
mulberries, cottonwood, and ash, may also be watered from the 
domestic water supply. 

Grain and forage, — ^In a very wet winter and spring wheat, barley, 
and oats will make hay, but ordinarily they must be irrigated to 
make grain. The sorghum grains, such as milo maize, feterita, and 
Kafir corn, are drought resistant and mature good crops of grain with 
a minimum supply of water. Certain quick-growing varieties of 
Indian com also, if planted early iij July, will with necessary irriga- 
tion make successful crops. 

Sorghum is a standard drought-resistant forage, and Sudan grass, 
which has been recently introduced, promises to become a hardy and 
valuable crop. Alfalfa requires abundant irrigation and is not well 
adapted to dry farming. 

To some extent the grains and forages mentioned above may be sold 
as such, especially barley and baled hay, but new, rough roads, dis- 
tant markets, and competition with older districts render it more 
profitable to utilize as far as possible the grain and forage for feed- 
ing live stock, for the raising of which the adjacent grazing ranges 
may be utilized. 

Horses and mules. — Horsed and mules raised in the adjacent Gila 
Valley and allowed to range on near-by mountain pastures are well 
known for stamina and for sound feet and legs. The forage and 
grain produced on a dry farm combined with range pasture produces 
excellent work and driving animals. 

Beef cattle, — ^The forage and grain produced on farms in San 
Simon Valley should be profitably fed to cattle from adjacent ranges, 
or at least should be used to tide over times of drought and scarcity 
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OH the open range. In many thinly settled locations c^ry farms and 
grazing ranges will supplement each other profitably. 

Dairy cows. — By means of cheaply constructed pit silos com and 
sorghum can be converted into silage for feeding dairy stock, espe- 
cially at times of drought, when succulent feed is not otherwise to 
be had. In semiarid districts in New Mexico that somewhat resemble 
San Simon Valley incomes are earned in this manner and by coopera- 
tive cream collecting and hauling. 

Hogs, — ^Milo maize and feterita are a cheap and excellent ration 
for hogs, having been found superior to alfalfa for this purpose. 
These drought-resistant crops should therefore provide the dry-farm 
homestead with its meat supply and should afford a cash return. 

Poultry. — ^Milo maize, feterita, and the miscellaneous seeds and 
green produce of a dry farm afford good feed for chickens and 
turkeys. Turkeys in particular are worthy the consideration of set- 
tlers in this district. They are native to the region and thrive not 
only on what may be grown for them but also on wild food, such as 
red-root weeds and grasshoppers. They command good prices also 
when they are ready for market. 

Bees. — Many plants in the valley afford honey to bees in consid- 
erable quantity at certain seasons of the year. The mesquite yields 
excellent honey, and the mountain foothills during; the summer rains 
carry much wild bloom. 

SUMMARY. 

In those areas of San Simon Valley that are more abundantly 
watered by stream flow and by artesian wells* a great variety of 
deciduous fruits and vegetables, as well as grain and forage that may 
be converted into live-stock products, may be readily grown 

In localities that must depend on rainfall supplemented by pumped 
reservoir or storm waters a greater diversity of methods and of 
products will be required for success in agriculture. Among the 
resources available to the pioneer dry-land- farmer in this district 
are the home garden, which yields a great variety of fruits and 
vegetables; drought-resistant grain and forage, such as quick- 
growing varieties of 'Indian corn, milo maize, feterita, sorghum, and 
Sudan grass; and live stock, including horses, mules, cattle, dairy 
cows, hogs, and poultry. Pit silos are essential to success with 
live stock, especially dairy cows; and the adjacent grazing ranges 
should be utilized as a source of supplementary feed. 
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GROUND WATER FOR IRRIGATION IN LODGEPOLE VALLEY, 
WYOMING AND NEBRASKA. 



By OsoAE E. Meinzeib. 



INTRODXJCTION. 

LOCATION AND CHABACTEIt OF VALLEY. 

Lodgepole Creek rises in the Laramie Mountains, in Wyoming, and 
flows eastward and southeastward across the Great Plains to its 
JTlnction with South Platte River. (See fig. 3.) Its cpiuse across the 




FiGXTBE 3.~Map showing the drainage basin of Lodgepole Creek and adjacent areas. 

plains, not including meanders, is about 165 miles long, of which 
65 miles is in Wyomiag, 95 miles in Nebraska, and 5 miles in Colo- 
rado. Its valley resembles other valleys of the Great Plaios in that 
it is a flat-bottomed, steep-sided trench, formed by stream erosion 
and later partly refilled by stream sedimentation. 

Lodgepole Valley is traversed by the main line of the Union Pacific 
Railroad from Egbert, Wyo., to the. place at which it opens into the 
broad, flat valley of the South Platte above Julesbin-g, Colo., and 
by the Lincoln Highway from Egbert, Wyo., to Chappell, Nebr. It 
is crossed at Sidney, Nebr., by the Chicago, Burlington & Quincy 
Railroad, and near the mountains by the Colorado & Southern Rail- 
way. Along the Union Pacific line in Lodgepole Valley there are 
many ranches and several towns, the largest of which is the enter- 
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prising little city of Sidney. Thirty miles west of Egbert the Union 
Pacific hne passes through Cheyenne, the capital of Wyoming. Above 
Egbert the valley is settled only at a few cattle and sheep ranches. 

PTJRPpSB AND SCOPE OP INVElSTIGATION. 

In recent years the residents of Lodgepole Valley have been inter- 
ested in projects for extending irrigation by pumping shallow ground 
water or by discovering artesian water, and have repeatedly requested 
the Federal Government to investigate the subject. It has not been 
practicable for the Geological Survey to make a thorough study of 
the ground-water supply of this valley, but in September, 1915, the 
writer made a brief field investigation, the general results of which 
are presentedrin this paper. The data on cost of pumping for irriga- 
tion, by H. 0. Diesem (pp. 67-69), were generously furnished by the 
division of irrigation investigations, OfTice of Public Roads and Rural 
Engineering, United States Department of Agricultiu*e. 

PHYSIOGRAPHY. 

The drainage basin of Lodgepole Creek comprises a long, narrow 
belt between the much larger basins of the North Platte and the 
South Platte, from which it is separated by inconspicuous divides. 
It is about 175 miles long, 12^ miles in average width, and*' approxi- 
mately 2,200 square miles in area.* It includes narrow segments of 
two very distinct physiographic provinces, the Laramie Mountains 
and the Great Plains. The mountain segment is about 13 miles 
long and 5 miles in average width, and comprises about 65 square 
miles, or 8 per cent of the total drainage basin. All the rest of the 
drainage basin is in the Great Plains. The mountain segment ranges 
in altitude from about 7,000 to 8,000 feet above sea level; the upland 
surface of the plains segment from about 7,000 feet near the moun- 
tain front to less than 4,000 feet near the mouth of Lodgepole Creek. 

The steep-walled, flat-bottomed valley that the creek has cut into 
the generally smooth surface of the plains averages about 1^ miles 
in width and ranges in depth from loss tifan 100 feet to fully 250 feet. 

The flood plain of the creek is bordered by terraces that stand at 
different elevations. In the upper part of the valley there are two 
rather definite terrace levels. In the vicinity of Ariosa and Pole 
Creek ranched the first terrace is about 15 feet aboye the stream, or 10 
feet above the flood plain, and the second terrace is 30 to 50 feet above 
the stream. Below PLnebluff the second terrace is about 65 feet above 
the stream, and is well marked throughout most of Kimball County. 
In the vicinity of Sidney there is but one distinct terrace, and it is 
only 10 to 20 feet above the flood plain. 

The upland surface of the Great Plains is interrupted by two promi- 
n^it escarpments, about 250 feet high, one near Islay and the other 

1 Price. D.. D. Nebraska Board of Irrigation, Highways, and Drainage Tenth Bienn. Rept., p. 37, 1914. 
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near Pinebluff. These escarpments trend traAsverse to the course 
of the valley and face the west. On the west side of each is a low, 
flat plam that coincides in level with the floor of Lodgepole Valley 
and forms essentially an expanded part of the valley. The upland on 
the east side of each escarpment is a part of the general surface of the 
Great Plains, which slopes gently toward the east. The descent from 
the upland surface east of the Islay escarpment to the lowland surface 
on the west side of the Pinebluff escarpment is for the most part 
gradual, but there is an east-facing escarpment of some prominence 
in the vicinity of Egbert. These escarpments appear to be erosion 
features in the nature of hogbacks. The valley is deepest and narrow- 
est where Lodgepole Creek cuts through the upland back of the Islay 

escarpment. 

GEOLOGY. 

Lodgepole Valley is underlain by sedimentary formations of great 
aggregate thickness, which rest on pre-Cambrian granite and other 
crystalline rocks. The following generalized section of these forma- 
tions in the vicinity of the Laramie Mountains in southeastern 
Wyoming is given by Darton and Siebenthal.^ The Ogalalla forma- 
tion, which occurs extensively along Lodgepole Valley, has been 
added to the section. 

Generalized section of formations that outcrop in the vicinity of the Laramie Mountains 
and extend beneath the Great Plains. 
[After N. U. Darton and C. £. Siebenthal.] 



System. 


Formation. 


Character of rocks. 


Thickness, 
infect. 


Tertiary 


Ogalalla formation a . 
Arikaree formation. . 
Brule clay 


Poorly assorted deposits of clay, sand, and 

gravel with much calcareous cement. 
Sand, gravel, and boulder beds, with local 

limestone lens. 
Massive pinkish sandy clay, with gravelly 

streaks. 
Massive brown sandstone, merging into sand 

and gravel. 


0-30J 
200-250 




250 




Chadi^on sandstone. . 


20-100 




Fox Hills sandstone. 
Pierre shale 


Gray sandstone and sandv shale 


700+ 




Dark-gray shale with thin oeds of sandstone — 
Impure chalky limestone and gray limy shale; 


5,000 

325-400 

700-1,000 

70-100 


Cretaceous 


Niobrara limestone.. 

Benton shale 

[Cloverly formation.. 




Gray shale and some sandstone 

Hard gray sandstone and purple te gray sandy 
clay. [Includes Dakota sandstone at top.l 


Cretaceous or Jurassic. . . 


Morrison formation. . 


Massive pale green to mareon shale with thin 
limestones and sandstones. 


150-200 


Jurassic 


Sundance formation. 


Buff slabby sandstone and sandy gray 5hale 


30-60 






Triassic or Permian 


Chugwater formation 


Red sandy shale and fine-grained sandstone, 
and beds of gypsum near base. 


80-1,000 


Carboniferous 


Casper formation 


Grav to red sandstone, gray to purple lime- 
stone , and red shale. Gray to reddish brown 
sandstone and conglomerate at base. 


800-1,000 






Pre-Cambrian 




Granite , gneiss, schist 













a This formation is not found near the Laramie Mountains but occurs extensively on the plains adjacent 
to Lodgepole Valley. 



1 Darton, N. H., Blackwelder, Eliot, and Siebenthal, C. E., U. S. Geol. Survey Geol. Atlas, Liramie- 
Sherman foUo (Ko. 173), 1910. 
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Below the Great Plains the formations older than the Tertiary 
nearly horizontal, hut in a narrow helt along the edge of the moii 
tains they are hent sharply upward and in some places overturn^ i? 
faulted; or complexly warped. The Tertiary beds are nearly hoi 
zontal in this region, not only below the Great Plains, where th^JSK 
completely conceal the older formations, but also near the mounti 
where to some extent they overlap the deformed and eroded edges {'""^^o, 




the older formations. In some parts of western Nebraska the 
taceous strata younger than the Pierre shale are absent and th 
Tertiary beds rest on this shale.^ 1 

As the Tertiary formations are important in connection with tu 
ground water of this region, they will be briefly described. 

The Chadron sandstone, which Ues at the bottom of the Tertiarj 
system, crops out near the Laramie Mountains, where it is a bed 2t 
to 40 feet thick overlapping the older formations.' Eastward i 
passes imder the Brule clay, but whether it is a continuous formation 
in the vicinity of Lodgepole Valley is not known. ] 

The Brule day is a moderately hard, compact, brittle, silty clay^ 
prevailingly pale pinkish or flesh color. It has indistinct but regular 
bedding planes, and where it is weathered it is much jointed and. 
broken into more or less cubical blocks. This is the formation thaM 
many of the drillers in Lodgepole Valley call **hardpan." ^ 

The Brule clay is at or near the surface over most of the Islay Iow^b, 
land between the I^lay escarpment and the older foimations thati^ 
fringe the moim tains (PL IV). It forms the lower part of thisf^ 
escarpment, outcropping to a height of about 70 feet in a locality' 
southeast of the Van Tassell ranch, but it passes beneath the upland 
east of the escarpment and beneath the valley 2 or 3 miles east of the '^'^ 
Heasman ranch. It again appears in the vicinity of Egbert, 45 
miles farther east, where it is reached by the Egbert Railway well 
(p. 56) and comes to the surface at the base of the eastward \ 
facing escarpment (PL IV). It is'^at or near the surface over a con- 
siderable area of the Pinebluff lowland, from the Egbert escarpment 
to the Pinebluff escarpment. It crops out to a height of about 150 
feet in the Pinebluff escarpment south of the village of Pinebluff but 
passes beneath the upland plain east of this escarpment. This for- * 
mation apparently imderlies the valley at no great depth throughout 
Nebraska, a distance of over 90 miles, and it is exposed at many places 
in the lower parts of the valley walls. 

As the base of the Brule clay is not exposed except near the moim- 
tains and has rarely been reached in drilling in this region, the total 
thickness of the formation is not definitely known. Thicknesses of 

Dartan, N. H., Preliminary report on the geology and water resources of Nebraska west of the one 
hvndred and third meridian: U. S. Qeol. Survey Prof. Paper 17, pi. H, 1903. 

* Darton, N. H., Blackwelder, Eliot, and Slebenthal, C. E., U. S. QeoL Survey Oeol. Atlaa, Laramle- 
Bhennan folio (No. 173), p. 10. 19ia T 
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250 to more than 600 feet hare been observed by Darton ^ in adja- 
cent parts of Nebraska and Wyoming. In a well 400 feet deep at 
Jnlesburg, Colo., 160 feet of ** yellow clay," which is probably Brule 
clay, was found below the alluvial gravels. Below this clay there 
was a few inches of sand, below which blue shale — ^probably a Cre- 
taceous formation — ^was penetrated 200 feet. 

The Arikaree formation consists mainly of soft, fine-grained, light 
gray sandstone containing numerous large concretions that are very 
characteristic' It appears in typical character iii the Egbert escarp- 
ment and for some miles west of Egbert, outcropping in the valley 
walls at least as far as the middle of T. 15 N., R. 64 W., and in tribu- 
tary ravines a few miles west of Bums (PI. IV). It is penetrated by 
many wells in the valley and on the upland from the vicinity of 
Egbert to the vicinity of the Pole Creek ranch. It is generally 
mantled by gravelly deposits, which west of the Pole Creek ranch 
form the entire valley wall and completely conceal the typical sand- 
stone of the Arikaree formation. The Arikaree formation is not 
seen in the Pinebluff escarpment, nor at any point farther east near 
Lodgepole Valley. It is not found in typical character in the Islay 
escarpment, but the gravelly beds overlying the Brule clay are 
beheved by Darton* to represent a coarse phase of the Arikaree. 
The fine-grained concretionary sandstone appears to be merely a 
lens between the Brule clay and overlying gravelly deposits. 

The Ogalalla formation, which Hes on the Brule or the Arikaree, 
consists of irregular beds of poorly, assorted clayey, sandy, and 
gravelly materials, and much calcareous cement. The less cemented 
parts are pinkish, but the calcareous beds are more nearly white or 
cream-colored. This formation imderUes extensive areas of the 
Great Plains. It is exposed in the upper 100 feet of the Pineblufl 
escarpment and in the upper parts of the valley walls generally from 
Pinebluff nearly to the lower end of the valley. In the entire region 
adjacent to Lodgepole Valley east of Pinebluff, so far as known, the 
Ogalalla formation imderUes' the upland plain and rests on the Brule 
day. 

In the Islay escarpment southeast of the Van Tassel ranch the Bnde 
clay is overlain by 70 feet of clean arkosic conglomerate, above which 
is about 40 feet of cemented gravelly beds, which resemble somewhat 
the Ogalalla formation but which are believed by Darton to be for 
the most part a gravelly phase of the Arikaree. Three miles below 
the Heasman ranch the entire valley wall, 250 feet high, appears to 

i Darton, N. H., Preliminary report on the geology and water resources of Nebraska west of the one 
hondred and third meridian: U. J3. Oeol. Survey Prof. Paper 17, pp. 37-40, 1908; and Darton, N. H., Blaok- 
welder, Eliot, and Slebenthal, C. E., U. 8. Oeoi. Survey Oeol. Atlas, Laramie-Sherman folio (No. 173), 1910. 

* An excellent description of this sandstone is given in Prof. Paper 17, pp. 25-29. 

• Darton, N. H., Blackwelder, Eliot, and Siebenthal, C. £., U. 8. Oeol. Survey Geol. Atlas, lAramie- 
Sherman foUo (No. 173), p. 11, 1910. 
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consist of poorly assorted gravelly and clayey beds — evidently coarse 
outwash from the near-by mountains. These gravelly deposits 
extend eastward indefinitely but become much thinner in the vicinity 
of Burns and Egbert, where at many places they rest with sharp 
contrast on the very different beds^f the typical Arikaree formation. 

The valley is underlain through almost its entire length by recent 
alluvium, which generally includes considerable coarse, clean gravel. 
The deposit is, however, not thick, the well records indicating 10 to 
15 feet at Pinebluflf ; 35 to 50 feet or more at Bushnell, Kimball, and 
Potter; 25 feet at Sidney; 20 to 30 feet at Zunol; 15 to 20 feet at 
Lodgepole; 35 feet at Chappell; and 40 feet at Julesburg. On much 
of the Islay lowland and the lowland between Egbert and Pinebluff 
the alluvium is absent or very thin. At some places below Egbert 
the creek has cut into the Brule clay. 

A gravelly deposit that is probably intermediate in age between 
the Ogalalla formation and the recent alluvium covers a consider- 
able area of lowland west of Islay, and gravels of intermediate age 
are found also on the terraces throughout the valley. 

PRECIPITATION. 

The following table, compiled from the published records of the 
United States Weather Bureau to 1909, shows that Lodgepole 
Valley is in the semiarid region, in which dry farming is practiced 
but in which production can be greatly increased by irrigation. The 
precipitation is greatest in spring and summer and least in fall and 
winter. It is no doubt somewhat greater in the mountains than on 
the plains, but on the plains it does not decrease very much from 
east to west. The precipitation in the valley is probably not much 
different from that on the adjacent upland. 

Average monthly precipitation, in inches , at points in or near Lodgepole Valley. 
[Compiled from the published records of the U. S. Weather Bureau to 1909.] 



Place. 



CheyenneL 

Pijiebluff 

Kimball. 

Sidney and Lodge- 
pole <». 



Ap- 
proxi- 
mate 
length 
of rec- 
ord. 



Years. 
89 



Jan. 



0.38 
.16 
.45 

.46 



Feb. 



0.54 
.62 
.66 

.59 



Mar. 



Apr. 



0.98 
1.16 
1.09 

.91 



1.73 
2.51 
2. OS 

1.80 



May. 



2.48 
2. 61 
2.70 

Z75 



June. 



1.65 
1.88 
2.12 

1.73 



July. 



2.06 
2.58 
2.71 

2.51 



Aug. 



1.47 
1.48- 
1.42 

1.91 



Sept. 



1.00, 
1.00 
.91 

1.04 



Oct. 



71 
.73 
.63 

.74 



Nov. 



0.41 
.31 
.42 

.25 



Dec. 



0.39 
.45 
.64 



• Lodgepole since 1884. 
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Lowest, highest, and tvtrage annual precipitation at points in or near Lodgepole Valley. 



Place. 



Number 
ofooip- 
5lete 
years 
covered 
by the 
record. 



Lowest. 



Highest. 



Average. 



Cheyenne 
Pineblufl. 
KimbalL. 
Sidney... 



Inches. 

&04 
10.90 
1L13 

7.70 



Inches. 
22.68 
25.24. 
2S.50 
26.92 



Inches. 
13.80 
15.29 
l&7;i 
15.07 



SURFACE WATERS. 

The north and south forks of Lodgepole Creek head in a number of 
branches in the Laramie Mountains and unite on the Isli^y lowland at 
the Yan Tassell ranch. Thence the creek leads to South Platte River, 
into which it discharges about 5 miles above Julesbiirg, Colo. The 
length of the creek from its sources to its mouth is about 175 miles if 
measured along the main trend of the valley but much iriore if meas- 
ured along its intricately meandering channel. Li its long course 
through the Great Plains it receives storm waters from innumerable 
gullies and the underflow from numerous tributary valleys and no 
doubt from the adjacent uplands, but only a few of its tributaries 
carry a perennial flow of surface water, and these are small. 

Lodgepole Creek does not persistently decrease in volume down- 
stream, hke most desert streams, nor does it persistently increase, like 
most streams in humid regions, but its flow increases and decreases in 
alternating reaches and in three reaches its channel is normally dry. 
No gaging station has been maintained on Lodgepole Creek, but 
current-meter measurements have frequently been made at many 
places by the United States Greological Survey and the State engineer 
of Nebraska, the results of which are given in the table on page 46. 
At the time the valley was examined, in September, 1915, the flow of 
the creek was measured or estimated at the points indicated belew. 
The differences in flow were due to some extent to diversions that were 
not specifically noted. 

About half a mile above the Heasman ranch, where the creek leaves 
the Islay lowland and enters the gorgeUke valley, its flow, as meas- 
ured with a current meter, was about 7^ second-feet, most of the 
water being contributed by branches that head in the mountains and 
little gain or loss being made on the Islay lowland. From this point 
to tlie diversion dam, about 14 miles downstream, in the NE. i sec. 
36, T. 16 N., R. 67 W. (see PI. IV), the flow appeared to deqreaae 
slightly. At this dam the surface water and presumably nearly all 
the underflow was diverted, the total being probably somewhat less 
than the flow above the Heasman ranch. For a short distance below 



Digitized by 



Google 



44 CONTRIBUTIONS TO HYDBOLOGY OP UNITED STATES, 1917. 

the dam the channel was dry, but at the Ariosa and Pole Creek 
ranches the flow was fully 1 second-foot. A few miles below the Pole 
Creek ranch, however, the stream disappeafed and the channel was 
dry for a distance of nearly 10 miles. 

From a springy area near the west margin of sec. 26, T. 15 N., 
R. 64 W., to a point north of Egbert, in sec. 13, T. 14 N., R. 62 W., 
a distance of about 15 miles, there was a continuous stream, which, 
however, probably nowhere carried more than 1 or 2 second-feet. 
From Egbert to its jxmction with Muddy Creek, just southwest of 
PinebluflF, a distance of a Httle more than 10 miles, Lodgepole Creek 
was entirely dry, and the fact that its channel in this stretch is cut 
through the alluvium into the Brule clay indicates that there is but 
little underflow here. 

At Pinebluff, a short distance west of the Wyoming-Nebraska State 
Unei Lodgepole Creek is replenished by two tributaries, both of which 
rise on the Great Plains. In September, 1915, Muddy Creek, the 
south-side tributary, discharged approximately 1 second-foot, and 
Spring Creek, the north-side tributary, discharged approximately 3 
second-feet into the channel of Lodgepole Creek. Considerable 
underflow along these streams also entered Lodgepole Creek, so that 
2 miles below the mouth of Spring Creek, at the road half a mile east 
of the State line, the measured flow of Lodgepole Creek was about 
6 second-feet. 

In September, 1915,' Lodgepole Creek containe(^ flowing water 
from its jimction with Muddy Creek nearly to Dix, a distance of about 
33 miles. It was intercepted by the Eimball reservoir, in T. 15 N., 
R. 57 W., but some water was escaping under the dam of this reservoir. 
Half a mile below the dam its flow was fully 2 second-feet, and at 
Kimball it had increased to more than 6 second-feet, as measured 
with a current meter. Farther downstream, at the west margin of 
sec. 25, T. 15 N., R. 55 W., its flow decreased to about 3 second-feet, 
and at the west margin of sec. 27, T. 15 N., R. 54 W., to about 1 
second-foot, and before reaching the road that extends northward 
from Dix the channel became entirely dry. 

The channel was dry from the vicinity of Dix to a point below 
Potter, a distance of about 12 miles, but this part of the valley is 
underlain by gravel and no doubt carries considerable imderflow. 

The stream reappeared in sec. 9, T. 14 R., R. 52 W., and thence 
flowed without interruption so far as observed at least to the Colorado 
State line. It was reported that near its mouth the creek again sinks, 
at least in some seasons, but this report was not verified. About 
midway between the east and west margins of sec. 2, T. 14 N., 
R. 62 W., 2 or 3 miles below the point where the creek reappeared, 
its flow was somewhat more than 4 second-feet, as measured with a 
current meter, and at Sidney it was about 6 second-feet. Below 
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Sidney it showed some irregularities, but in the vicinity of Lodgepole 
it was enlarged to perhaps 10 second-feet by contributions from 
several springs and from the xmderflow of tributaries entering the 
valley from both sides. Farther downstream the flow decreased, 
and a float measurement made about a mile west of Chappell indicated 
that it was about 5 second-feet. Still farther downstream, however, 
it increased considerably, and in sec. 12, T. 12 N., R. 45 W., not far 
from the Colorado State line, a float measurement indicated that it 
was about 15 second-feet. Apparently the amoxmt of underflow also 
increased considerably in the lower part of the valley. According to 
older reports the creek is sometimes dry in the lower part of T. 14 N., 
R. 51 W., largely because of the diversion of water for irrigation,* 
and near Colton, where the water sinks.* The data given in the 
following table show that the creek is sometimes dry or very small 
at other places, but these minor fluctuations are in large part the 
result of irrigation: 

Miscellaneous measurements of Lodgepole Creeks Wyo.-Nebr.^ 



Locality. 



Flow, in 

second- 

fe0t. 



NE. ^sec.23,T.16N.,R.e©W.«l 

Wyoming-Nebraska State line 

Do 

West margin sec. 12, T. 14 N., R. 50 W.rf 

One mile east of Wyoming-Nebraska State line. , 

Sec.l2, T. 14 N., R. 59 W 

Sec. 8, T. 14 N., R. 58 W 

Sec. 3, T. 14 N., R. 58 W 

Sec. 2,T. 14N.,R. 58Wj, 

Do 

Sec. 33,T. 16N.,R. 57W 

Sec. 31,T. 16N.,R. 67W 

Sec. 33, T. 16 N., R. 67 W 

Sec. 38^. 16N.,R. 67W 

1,T. 15N.,R. 66W 



Sec. 31, 

Do. 

Do. 
Westlinesec.33,T. 15N.,R. 56W 

Do....: 

Do 

Sec. 27, T. 15 N., R. 66 W 

Four mUes west of Kimball 

Three miles below sec. 31, T. 15 N., R. 56 W . . 

Three miles west of Kimball 

8ec.36,T. 15N.,R. 66W 

Sec. 26, T. 15 N., R. 66 W 

Do 

Sec. 25, T. 16 N., R. 66 W 

West line sec. 26. T. 15 N., R. 66 W 

One mile west of Kimball 

Do 

Above Polly Dam, sec. 30, T. 15 N., R. 56 W. 

Below Polly Dam at bridge 

Sec. 30, T. 15 N., H. 55 W 

KimbaU 

Do 

Do 

Do 

Do 



Sept. 17,1916 
Aug. —,1896 
May 2,1904 
Sept. 21,1915 
May 2,1904 
July 30,1901 
May 3, 1904 
Aug. 8,1900 
May 26,1900 
June 3, 1903 
Aug. 10,1900 
June 1,1903 
June 2,1903 
May 25,1900 
July 2,1902 
1, 1903 
23,1903 
28,1904 
30,1904 
6,1904 
31,1901 
9,1899 
23,1903 
, 8,1904 
27,1903 
25,1903 
29,1903 
2,1902 
23,1903 
, 10,1900 
9,1899 
, 10,1900 

io 

Dec. 7,1904 
May 26,1806 
Sept. 12,1900 
Sept. 16, 1900 
Sept. 18,1900 
June 2, 1902 
June 15,1904 
Sept. 6,1904 



June 
Ji' 
A 
A 

M 

Ji 
A 
Ji 
Sc 
M 
A 
M 
Ji 

;fi 

Sc 
A 
Sc 



7.46 
3.60 
4.30 
6.00 
4.60 
2.00 
34.50 
6.23 
9.23 
10.1 
12.34 
15.8 
12.8 
4.76 
10.6 
12.6 
.6 
14.4 
12.4 
48.2 
6.2 
7.43 
7.5 
8.6 
31.3 
16.6 
81.0 
7.6 
7.4 
1.29 
2.41 
2.44 
1 13 
25.6 
4.6 
4.92 
1.14 
4.3 
5.6 
2.1 
13.4 



a Darton, N. H.. Preliminary report on the ge'^logy and water resources of Nebraska west of the one 
himdred and third meridian :JJ. S^ Geol. Suney Nineteenth .Ann.Jle^t., pt;J, p. 770, 1898^ 



Bienn. Rept., p. 36, 



b Price, D. D., Nebraska fioard of Irrigation, Highways, and Dramage Tent] 
1014. 

c See Hoyt, J. C, and Wood, B. D^ Index to the hydrographic progress reports of the United States 
Qeological Survey, 1888 to 1903, p. 127, 1905; and Pricei D. D., Hydrographic report of Nebraska, 1914, 

d Measurements by O . B. Meinser. 
74351*— 19—wsp 425—4 
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Miscellaneotu measurementa of Lodgepok Creek, Wyo.-Nehr, — Continued. 



LooaUty. 




Flow, In 
seooQd- 

fMt. 



West line sec. 29, T. 15 N., R. 55 W . 
Do : 



Do. 
Do. 
Do. 



Kimball o 

Three-fourths mile east of KLmball . 

Sec. 23, T. 15N.,R. 55W 

Sec. 28,T. 15N.,R. 55W 

Do. 



Sec. 25, T. 15 N., R. 55 W 

West line sec. 30, T. 15 N., R. 54 W 

WestUnesec.3,T. 14N.,R. 52W 

Near west margin SE. J sec. 2, T. 14 N., R. 52 W.« . 

Center sec. 8, T. 14 N., R. 51 W 

Do. 



Sec. 9, T. 14 N., R. 51 W 

Do 

CJenter sec. 9, T. 14 N., R. 51 W - 
Sec. 10, T. 14 N., R. 51 W 

Do. 



Center sec. 10, T. 14 N., R. 51 W . 

Sec. 14, T. 14 N., R. 51 W 

Do.. 



East line sec. 14, T. 14 N., R. 51 W. 

Sec. 15, T. 14 N., R. 51 W 

Sec. 20, T. 14 N., R. 50 W 

Sidney 



July 24,1903 
Oct. 30,1908 
Nov. 7,1908 
Nov. 16,1903 
May 4,1904 
Sept. 23,1915 
Aug. 11,1809 
Aui;. 9,1900 
Apr. 24,1903 
July 24,1903 
Apr. 25,1902 
July 24,1903 
July 25,1903 
Sept. 23,1915 
July 25,1903 
Apr. 27,1904 
July^ 1,1901 
July 25,1903 
Apr. 27,1904 
June 18,1903 
July 25,1903 
Apr. 27,1904 
May 17,1900 
Aue:. 17,1900 
July 25,1903 
fdo 



Sec. 33, T. 14 N., R. 49 W 

Do 

Three miles east of Sidney 

One-half mile west of Jones dam, sec. 34, T. 14 N., R. 49 W . 

Sec. 29, T. 14 N., R. 48 W 

Sec. 31, T. 14 N., R. 47 W 

Do. 



Sec. 29, T. 14 N., R. 47 W 

Sec.36,T. 14N.,R.47W..... 

Lodgepole station 

Sec. 31, T. 14 N., R. 46 W 

East line sec. 31, T. 41 N., R. 46 W. 

Sec. 3,T. 13N., R. 46 W 

Sec. 2, T. 13 N., R. 46 W 

C happel 1 

Sec.36,T. 13N., R.45W 

Sec.3,T. 12N., R. 45W 

Sec. 12, T. 12 N., R. 45 W 



Dec. 7, 1904 
July 1,1901 
May 15,1900 
Aug. 14,1900 
May 15,1889 
May 15,1900 
July 2, 1901 
May 18,1900 
Aug. 16,1900 
July 2,1901 
Apr. 13,1902 
Oct. 8,1900 
July 3,1901 
Sept. 8,1904 
May 21,1900 
Auj;. 22,1900 
Oct. 18,1900 
Aug. 7,1900 
Aug. 10,1900 
May 22,1900 



6.6 
15.5 
21.6 

ao.4 

20.5 
6.2 
2.00 
6.34 

12.64 
4.6 

12.0 
.0 
3.2 
4.20 
3.5 
8.62 
6.6 
3.8 
6.62 
5.4 
3.8 
7.25 
2.34 
2.35 
.0 
2.9 
4.4 
6.7 
3.86 
6.42 

10.95 
6.26 
4.0 
2.6 
2.5 
2.2 
4.0 
2.12 
3.4 
3.3 
2.26 
2.85 
8.11 
3.12 
1.34 
1.33 



o Measurements by O. E. Meinzer. 

According to State Engineer Price, Lodgepole Creek is noted for 
its early spring floods, due to melting snows and heavy spring rains. 
The largest flow that has been measured was 48 second-feet, but 
Mr. Price states that during short flood stages the flow greatly 
exceeds this amount.^ In the upper part of its course, where it 
receives its water from the mountains, the creek fluctuates greatly 
in volume, but these fluctuations have little effect on the flow in 
the lower parts of the stream. Near Egbert the flood waters sink 
rapidly into the gravels, and the freshets rarely get far except in 
winter, when the ground is frozen. At no time during the summer 
of . 1915 did the water flow across the road leading northward from 
Egbert. It is reported that at Potter no water flows in the creek 
bed even during heavy rains, and the infrequency of floods is indi- 
cated by the fact that thor© is a well on the bed of the creek and a 
house hardly 5 feet higher. 



> Price, D. D., op. clt., p. 37. 
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WATER IN AL.L.UV1AL ORAVKL. AND SUBJACENT BED8. 

OCCTJBBENCE. 

The alluvial gravel in Lodgepole Valley and the porous or cavern- j 
ous parts of the fonnations immediately under the gravel form a 
reservoir in which is stored a part x>f the water that falls as rain or 
snow in the valley. The alluvial gravel is generally clean and coarse 
and therefore can hold much water and yield it freely, as is shown 
by records of such wells as the city wells of Kimball^ Sidney, and 
Chappell, the railroad well at Chappell, and the irrigation well of 
Mr.Gus Forsling. (See pp. 56-61.) Its total capacity as a reservoir 
is, however, limited by the shallowness of the alluvial deposit, espe- 
cially in the Islay and Pinebluff lowlands. 

In most of the valley below Egbert the alluvial gravel is underlain 
by Brule clay, locally known as '^hardpan/' In general this forma- 
tion is a poor water bearer, but at many places where it underlies 
the gravel it appears to yield water very freely, as is indicated by 
the records of the city well at Pinebluff , the railroad wells at Egbert 
and Pinebluff, the Campbell irrigation well, and other wells men- 
tioned on pages 56-61. This capacity to yield water freely appears 
to be due to joints or other crevices in the clay where it lies belo ./ 
the alluvial gravel. The storage capacity of these crevices is, -how- 
ever, probably not great, so that the clay is dependent on the over- 
lying gravel for-reserve supplies. Where the gravel deposit is very 
thin, as in the Pinebluff lowland and along the margins of the valley 
generally, the Brule clay is not always a reliable source of water, 
and some wells that end in it yield only small amounts. 

Between Egbert and the Pole Creek ranch the alluvial gravel is 
underlain by sandstone of the Arikaree formation, which contains 
much water but which, on account of its fine grain and its incoherence, 
does not part with its water so freely as the gravel or the vesicular 
clay. By using coarse screens, cleaning out the wells thoroughly, 
and inserting gravel if necessary, large supplies could probably be 
obtained from this formation. 

The sections of the city and railroad wells at Potter suggest that 
the water-bearing beds which there lie below the alluvium may belong 
to the Ogalalla formation. Both these wells yield the large quantities 
of water that would be expected from wells that end in gravel beds 
of the Ogalalla formation. 

THE WATER TABIiE. 

The underground reservoir formed by the gravel, sand, and vesicu- 
lar clay is filled with water about to the level at which the water stands 
in wells. The water table, or surface below which the deposits are 
saturated, is, of course, not entirely level but slopes downstream 
with approximately the same grade as the valley floor, and also no 
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doubt generally slopes from the margins of the valley toward the 
stream channel. The average grade of the water table is about 27.5 
feet per mile from the junction of the north and south forks of Lodge- 
pole Creek to the Wyoming-Nebraska State line, 16 feet per mile in 
Kimball County, 15 feet per mile in Cheyenne County, and 15 feet 
per mile^ Deuel Coxmty. 

The depth to the water table is one of the most important factors 
determining the lift and therefore the cost of pumping. The water 
table comes practically to the surface along those parts of Lodgepole 
Creek in which water is flowing, as is indicated by springs, wet ground, 
and salt grass. It generally passes beneath the surface on each side 
of the creek and also in the reaches where the creek is dry. 

According to the rapid survey made in September, 1915, the floor 
of Lodgepole Valley, including the terraces, covers about 150,000 
acres. In about 60,000 acres of this area the depth to the water 
table is less than 25 feet, and in most of the rest it is less than 50 
feet. The area in which the water table is less than 25 feet below 
the surface is distributed about as follows: Laramie County, 15,500 
acres; Kimball County, 10,500 acres; Cheyenne County, 23,500 acres; 
Deuel County, 10,500 acres. 

In the dry reach below the Pole Creek ranch the depth to the water 
table' increases for several miles down the valley and then gradually 
decreases. On September 14, 1915, the water in a well in the NE. \ 
sec. 20, T. 15 N., R. 64 W., stood 18 feet below the surface, or about 
8 feet below the level of the stream channel, and that in a well in the 
SE. i sec. 26, T. 15 N., R. 64 W., stood 17 feet below the surface, or 
about 7 feet below the level of the dry channel. Along the channel 
in sec. 26 there are trees that evidently reach ground water, and at 
the east margin of the section the ground water reappears in springs. 

In September, 1915, the second dry reach began in sec. 13, T. 14 N., 
R. 62 W., and it was reported that in only one summer in recent 
years has the stream reached the east margin of this section except 
during occasional freshets. In a dug well, 26 feet deep, in the 
NW. i sec. 18, T. 14 N., R. 61 W., the water stood 23 feet below the 
surface, or about 13 feet below the dry channel. In a dug well near 
the northeast comer of sec. 30, T. 14 N., R. 61 W., only slightly above 
the valley floor, the water stood 25 feet below the surface. In a 
drilled well in the SW. i sec. 10, in the same township, the water 
stood 46 feet below the surface. In a drilled well in the NE. \ sec. 21 
the water stood 55 feet below the surface, or about 30 feet below the 
level of the dry channel due south. In a well near the east margin 
of sec. 26 the water appeared to be about 30 feet below the dry 
channel. Down the valley from Tracy siding the ground water 
apparently comes nearer the surface; in a well in the NE. i sec. 32, 
T. 14 N., R. 60 W., in September. 1915, it was only 9.6 feet below 
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the surface, and along the valley of Muddy Creek it appeared at the 
surface. 

The third dry reach began east of the east margin of sec. 29, T. 
15 N., R. 54 W. In a drilled well in the NW. i sec. 26, the water 
stood 35 feet below the surface, or about 23 feet below the dry chan- 
nel. In a well in the SW. i sec. 30, T. 15 N., R. 53 W., the water 
stood 17 feet below the surface, or only about 11 feet below the dry 
channel. In a well near the southwest corner of sec. 30, about 30 
feet above the dry channel, the depth to water was reported to be 
38 feet, and on still higher groimd, about a mile farther south, the 
depth to water was reported to be about 100 feet. In a drilled well 
in the NW. fsec. 36, T. 15 N., R. 54 W., on the south side of the road 
about 2 feet below the level of the railroad, the depth to water was 
57 feet. In a well in the NW. J sec. 2, T. 14 N., R. 53 W.,*about 55 
feet above the dry channel due north, the depth to the water was 
reported to be about 100 feet, or 45 feet below the level of the dry 
channel. The water in a well near the middle of the east margin of 
sec. 2, on ground 15 or 20 feet lower, was reported to be 60 feet below 
the surface, and in a weU a mile farther east 49 feet below the surface. 
In a well drilled in the NE. i sec. 1 the water stood 32 feet below the 
surface, or fuUy 20 feet below the level of the dry channel and 40 feet 
below the first terrace. A weD in the NW. J sec. 6, T. 14 N., R. 52 
W., was dry at a level 18 feet below the stream channel. Just west 
of Potter, where the railroad crosses the creek, the water in an exca- 
vation made a few years ago was found to be 22 feet below the level 
of the dry channel. In the city well at Potter the water was 33.5 
feet below the surface, or about 12 feet below the level of the stream 
channel due south. In a well 30 feet deep in the stream channel due 
south of the Potter city well the depth to water was said to be 14 feet. 
A little more than a mile farther down the valley the ground water 
comes to the surface. 

The sinking of the water table to considerable depths below the 
surface and the consequent drying up of the stream in several parts 
of the valley may be due to irregularities in the grade of either the 
valley or the water table. Irregularities in the grade of the water 
table could be produced by differences in the quantity of water con- 
tributed to the underground supply or in the porosity of the alluvium. 
The water table will be high where the inflow is great and also where 
the groimd water is more or less impounded by relatively impervious 
alluvium. Difference in inflow is certainly one of the causes of 
variation in level, but the interrelations of the various factors can not 
be determined imtil an accurate profile of the stream channel is 
made. 

On accoimt of the slope of the water table the groimd water moves 
constwtly but slowly downstreamt The r^te of movement depends 
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on the porosity of the material and on the grade of the water table. 
According to underflow measurements that have been made by the 
United States Geological Survey, the average rate of mov^nent in 
the general direction of the valley is 8 feet per 24 hours in the viJley 
of Arkansas Eiver near Garden City, Kans.,^ 17 feet in the valley of 
the South Fork of Republican River near St. Francis, Kans.,' and 
6.4 feet in the valley of the South Platte near Ogalalla, Nebr.» The 
slope of the water table at the localities where the measurements were 
made amounted to 7.5 feet per mile in the Arkansas Valley and 10.7 
feet in the valley of the South Fork of the Republican. The alluvial 
gravels in Lodgepole Valley probably conduct water as freely as the 
similar gravels in the valleys where the underflow measurements 
were made and the grade of the water table is somewhat steeper 
(p. 48). Where the groimd-water supply is replenished to such an 
extent that the underground reservoir overflows, the surplus water 
is carried away as a surface stream at a rate much more rapid than 
that of the underflow. 

SOUnCE AND DISPOSAL. 

A rough balance between intake and discharge of ground water is 
maintained naturally in Lodgepole Valley from year to year. The 
undergroimd supply in the valley is replenished by (1) downward 
percolation of water that f aUs directly on the valley as rain or snow: 
(2) downward percolation of water that reaches the valley in per- 
manent streams or in freshets; (3) underflow from the alluvial de- 
posits of tributary valleys; and (4) percolation from the water- 
bearing members of the OgalaUa, Arikaree, and other formations 
that underUe the uplands adjacent to the valley. Practically all 
this water is derived from the precipitation on the drainage basin of 
Lodgepole Creek. The underground supply is diminished by (1) 
evaporation where the water table is near the surface, (2) transpi- 
ration of plants, (3) seepage into the creek bed, and (4) underflow 
into the South Platte VaUey. The water that seeps into the creek 
bed either returns to the atmosphere by evaporation and transpira- 
tion, flows into the South Platte^ or percolates back into the under- 
ground reservoir. Considerable surface water that reaches the val- 
ley flows through to the South Platte because the underground res- 
ervoir of the valley is full or so nearly full that but little water can 
percolate into it. 

If ground water is pumped in laige quantities, the water table will 
be somewhat lowered. As a result, there will be smaller loss by 

> SUchter, C. S. , The underflow in Arkansas Valleyin western Kansas: U. 8. Oeol. Survvj Watar-Supply 
Paper 153, p. 5, 1006. 

s Wolff, H.C., The utilization of the underflow near St. Francis, Kans.: U. 8. Geol. Survey Water* 
Supply Paper 258, p. 119, 1911. 

ssiichter,c. S.,and Wolff, H. C. The underflow oi the South Platte Valley: U. B. Oeol. Survay Wate^ 
Supply Paper 184, p. 11, 1909. 
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evaporation, transpiration, and seepage into the creek, and greater 
replenishment from stream water that would otherwise reach the 
South Platte and from ground water on both sides of the valley. 
Thus a new balance will tend to become estabUshed between the 
intake and the withdrawal, including the withdrawal by pumping. 
If the pumpage in any section of the valley is increased beyond the 
limits of possible adjustment, there will, of course, be progressive 
depletion of the supply. The total quantity of water utiUzed, aild 
hence the total acreage of land irrigated, can be increased by pump- 
ing from wells, because pumping will eliminate a part of the natural 
waste that now occurs through evaporation, transpiration from plants 
of httle or no value, and escape of surface water; but there is prob- 
ably no practicable way of effecting this increase in total recovery 
without reducing the flow of the creek. 

The total appropriations for irrigation from Lodgepole Creek 
amount to nearly 400 second-feet,^ but the natural flow of the creek 
at any point is only a fraction of the amoimt appropriated. If the 
water of the creek is diverted at some point, other water will seep 
into the channel below the point of diversion, and not far below there 
is likely to be a considerable stream. Obviously, the channel of the 
creek where it is not normally dry has somewhat the function of a 
well. It extends below the ground-water level, and hence when its 
water is removed the supply is replenished from the imdergroimd 
reservoir. Thus the underground reservoir is already utilized, water 
being artificially drawn from it in the irrigation season through the 
ditches that lead from the creek. Pumping from wells would, in a 
sense, be an extension of the same process and would result in a still 
more effective use of the imderground reservoir. Pimiping from weUs 
extending to the subjacent formation — the second or lower water 
horizons — ^would interfere less with the stream flow than pumping 
from shallow wells. By bringing to the surface water that had been 
confined by an impervious bed pumping from the deeper weUs might 
even raise the water table and add to the stream flow. 

In order to make even an approximate estimate of the quantity of 
water that could be recovered by pumping from weUa, it would be 
necessary to have much more information than is at present avail* 
able in regard to the average annual discharge of Lodgepole Creek, 
the loss by evaporation and transpiration, and other factors that are 
involved. 

According to official records of the States of Wyoming and 
Nebraska, the area irrigated from Lodgepole Creek and its tributaries 
amounted in 1912 to about 23,500 acres.' A largo part of the water 

» Price, n. n., Nebrask% state Board of Irrigation, Highways, and Drainage Tenth Bienn. Rept., p. 49, 
1914. Jabelmann, Louise, Tabulation of adjusted rights in water di^ ision No.l, pp. 121-123, Wyoming 
State Board of Control, 1912. 

-Price, D. D., op. cit., p. 117 Jabelmann, Louise, op. cit., pp. 121-123. 



Digitized by 



Google 



52 CONTBIBUXIONS TO HTDEOLOGY OP UWITBD STATES, 1917. 

applied in irrigation percolates back to the underground reservoir. 
; If it is assumed that the net annual withdrawal of water for irrigation 
is 2 acre-feet per acre, and that 23,500 acres are irrigated, the total 
net withdrawal is 47,000 acre-feet a year, or less than 3 per cent of 
1 the precipitation on the drainage basin of Lodgepolo Creek. If tjhe 
^ deposits underlying Lodgepole Valley are assumed to have an avail- 
, able porosity of 20 per cent, this amount of water is stored in IJ feet 
of depth of the underground reservoir. If, on these assumptions, the 
irrigated aiea were increased 20 per cent by pumping from wells, 
the average lowering of the water table caused by pmnping during 
an irrigation season would not exceed 0.3 foot, and there would prob- 
ably be almost complete recovery through recharge during the rest 
of the year. If the irrigated area were doubled the lowering during 
kn irrigation season would be within 1 J feet, but it would probably be 
enough to interf M'e seriously with the stream flow. Moreover, there 
' would probably not be complete recovery by recharge in unfavor- 
able seasons and thus the lowering might progress from year to year. 
' Of course, the more widely distributed are the areas irrigated with 
well water the greater will be the salvage and the less will be the 
average effect on the water table and on the stream flow. 

QUALITY. 

The table on pages 54-55 gives two analyses of water from 
Lodgepole Creek and 20 analyses of waters from wells in or near 
Lodgepole Valley. Twelve of these analyses were made under con- 
tract for the United States Geological Survey by S. C. Dinsmore in 
connection with the present investigation, nine were made by the 
Union Pacific Railroad Co. under the direction of N. F. Harriman, 
chief chemist, and one was made by the Kennicott Water Softener Co. 
Three of the analyses (Nos. 13, 14, and 22) are of water from shallow 
wells that end in the alluvial gravel; seven (Nos. 8, 9, 11, 12, 17, 18, 
and 21) of water from the Brule clay, underlying the alluvium, with 
more or less admixtiure of water from the alluvium; two (Nos. 15 
and 16) apparently from the Ogalalla formation underlying the 
alluvium; one (No. 4) from the upland gravel deposits above the 
sandstone of the Arikaree formation; two (Nos. 7 and 10) from the 
sandstone of the Arikaree formation; and one (No. 2) probably 
from the Fox Hills formation. 

The water of the streams that flow from the granitic area of the 
mountain province (No. 1) is low in total solids and is of the calcium 
carbonate type. In passing over the outcropping sedimentary rocks 
the mineral content of the stream water appears, however, to be 
more than doubled in the course of a few miles, a large part of the 
addition evidently being from the gyp&oim beds of the (]lhugwater 
formation that outcrop at the edge of the mountains (pee analysis 
No. 3). 
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None of the ground waters that were analyzed differ to any great 
extent from the sample of stream water; and in view of their rather 
wide geographic .distribution and the diversity- of their geologic 
sources they are remarkably similar to each other in total dissolved 
solids and in the proportions of the various constituents. None of 
them are highly mineralized, but all contain a moderate amount of 
dissolved mineral matter, the principal constituents being calcium and 
the bicarbonate radicle. They range in total solids from 212 to 501 
parts per million, in calcium from 34 to 76 parts, in magnesium from 
9.4 to 18 parts, in sodium and potassium from 1.9 to 65 parts, in 
bicarbonate from 130 to 371 parts, in sulphate from 12 to 70 parts, 
and in chloride from 2.6 to 20 parts. 

The water from the Brule clay contains on an average somewhat 
mope mineral matter than the rest. The largest content of total 
solids was found in sample No. 21, which was taken from the Brule 
clay at a depth of 90 feet, the water from higher horizons being shut 
out. Some of the upland wells that end in the Brule clay are said to 
yield poor water, but no analyses are available to substantiate this 
report. The analyses given in the table also seem to indicate a slight 
general increase in mineralization in the downstream direction. 

So far as is shown by the analyses, the waters of this region are all 
satisfactory for irrigation, the content of sodium in none of them 
being high. They are also in general good for domestic uses except 
that their rather high content of calciiun and magnesimn renders 
them moderately hard. They deposit considerable soft scale in 
steam boilers but are used without serious trouble in the locomotives 
on the Union Pacific and other railroads and for steam making 
wherever required. At some points along the railroad, however, 
the water is treated at softening plants before it is used in locomotives. 
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DATA CONCEBNINa WELLS. 
LARAMTTB OOUlTrT, WYO. 

The few wells in the valley above Egbert are used only for domestic 
supply and for watering stock and their capacity has not been tlior- 
' oughly tested. Some of the wells between Egbert and Pole Creek 
ranch are drilled and most of them end in sand of the Arikaree for- 
mation. The alluvial gravels would no doubt yield large supplies 
in much of this part of the valley, but they are not widely distributed 
and are generally not deep. The drilled wells in the vicinity of 
Islay are described on pages 63, 64. 

The railroad well at Egbert is 35 or 40 feet deep, 16 feet in diameter, 
and is walled with stone laid in cement. It was sunk through dry 
gravel into ''hardpan'' which contains water-bearing crevices. 
The men in charge report that the well contains 7 feet of water, 
and that pumping at the rate of 150 gallons a minute lowers the 
water level very little. 

The well that supplies the Pinebluff waterworks is 76 feet deep; 
the upper 16 feet is a dug pit, the rest a drilled hole with 12-inch 
perforated casing. The water level is about 16 feet below the surface. 
When the well was sunk there was, according to Mr. M. Ekstrom, the 
driller, only 4 inches of water-bearing gravel, below which the weU 
penetrated Brule clay, the crevices of which furnish nearly all of the 
water. The pump is set 15 feet below the water level, and pimiping 
220 gallons a minute is reported by Mr. Ekstrom to cause a drawdown 
of 2.5 feet, indicating a yield of 90 gallons a minute for each foot of 
drawdown. 

The railroad well at Pinebluff is about 25 feet deep and 14^ feet in 
diameter and, like the Egbert well, is walled with stone laid in cement. 
It was sunk through 8 feet of silty loam and a few feet of dry gravel, 
and ended in vesicular Brule clay, in which a satisfactory supply was 
obtained. The water level is about 12 feet below the stirface, and, 
according to authentic information, is lowered 3 or 4 inches when the 
well is pumped at 150 gallons a minute and about 6 inches when it is 
pumped at 225 gallons a minute, indicating a capacity of about 450 
gallons a minute for 1 foot of drawdown. When the well was being 
8unk it i9 reported to have been pumped simultaneously by a 6-incb 
and a 4-inch centrifugal pump. 

The well of Mr. Ekstrom, in the SW. i sec. 10, T. 14 N., R. 60 W., 
about 250 feet from the creek, is 13 feet deep, 20 feet in diameter, 
and is walled with concrete. It extends through gravel to the 
^^hardpan." The water level is only 3 feet below the siuface and the 
water is derived from the gravel. The well failed to supply a 5-inch 
centrifugal pump which has a capacity of 735 gallons a minute but 
is supposed to yield about half this amount, or approximately 35 
gallons for each foot of drawdown. 
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A well dug by Mr. Ekstrom, 8 miles southwest of Pinebluff, only 
about 30 feet from the banks of Muddy Creek, to a depth of 20 feet, 
ends in ''hardpan" but fails to supply a 4-inch centrifugal pump. 
Some of the wells between Pinebluff and Egbert yield supplies 
inadequate for domestic use or for stock. 

mMBATiTi C0X7HTT, HEBB. 

The railroad well at Bushnell is 37 feet deep and 15 feet in diame- 
ter and is walled with stone laid in cement. It extends through 
gravel to the ''hardpan." Pumping at the rate of 170 gallons a 
minute empties the well. 

The railroad well at Kimball, which is on the second terrace, 60 
feet above the level of the creek, is 93 feet deep and its water level is 
about 60 feet below the surface. A 16-foot hole was sunk to a depth 
of about 85 feet and was walled with stone laid in cement. This 
hole extended through dry gravel to a depth of 30 or 40 feet and 
thence through *'hardpan'' to the bottom, where a thin layer of 
water-bearing sand and gravel was found. The yield was unsatis* 
factory, and a hole was drilled in the bottom of this well to another 
water-beariag bed, which is said to consist of gravel. This increased 
the supply so much that pmnping at the rate of 170 galloixs a minute 
is reported not to lower the water level greatly, but pumping at 285 
gallons a minute is reported to empty the weU. The information 
regarding both the Bushnell and the Eamball railroad wells was 
furnished chiefly by Mr. J. K. McCart, in charge of the Union Pacific 
water supply between Durham, Wyo., and Julesburg, Colo. 

The weU that suppUes the waterworks at Kimball is in the valley 
about one-fourth mile from the creek and about 15 feet above the 
creek level. It consists of a 5-foot hole that extends to a depth of 
15 feet, where water was encountered, and a 2-foot hole with perfo- 
rated casing that extends down about 16 feet from the bottom of the 
5-foot hole. The entire weU is in gravel. According to T. C. Thiele, 
who has chaise of the pumping plant, the usual pumpage, as indi- 
cated by a meter, is 230 gallons a minute, and pumping at about 
this rate for 8 hours has produced a drawdown of only 1} feet, indi- 
cating a capacity of about 150 gallons a minute for each foot of 
drawdown. 
^ The well of Mr. Gus. Forshng is in the NE. \ sec. 34, T. 15 N., 
R. 57 W., near the upper end of the KimbaU reservoir. A 6-foot 
hole, waUed with cement, goes to a depth of 18 or 20 feet, and a 
14-inch suction pipe with a screen 4 or 5 feet long extends below the 
bottom of the, 6-foot hole to about 31 feet below the surface. The 
entire weU is in gravel. When tested on September 21, 1915, the 
water level was 15.45 feet below the bench mark, or about 15 feet 
below the surface, and pumping for one hour at an average rate of 
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445 gallons a minute, according to two measurements made with a 
current metef, lowered the water level to 18.05 feet below the bench 
mark, or a distance of 2.60 feet. This test therefore indicated that 
the well has a capacity of about 170 gallons a minute for each foot of 
drawdown. Mr. Forsling reported that in a 12-hour run the water 
level was lowered about 4 feet. Data in regard to the' pumping 
plant are given on pages 65-67. 

Wells sunk by Anton Linder and J. F. Bogle for irrigation of land 
not far east of Bushnell are supposed to yield satisfactory supplies 
but had not been severely tested at the time the valley was examined. 

CHETEKNE COTnVTT, NEBR. 

The well that suppUes the waterworks at Potter is 72 feet deep 
and is lined with 12-inch casing to a depth of 48 feet and 6-inch casing 
to the bottom, the casing being perforated with numerous holes one- 
fourth inch in diameter. The section, as reported, is as follows: 
Water at 35 feet; water-bearing sand and gravel to 48 feet; ^'rock" 
to 50 feet; soft white clay to 63 feet; water-bearing sand and gravel 
to 72 feet, well ending in gravel. The depth to the water level Sep- 
tember 23, 1915, was 34.65 feet below the platform, or 33.6 feet below 
the surface. The pumpage averages about 10,000 gallons a day. 
According to A. D. Irey, who is in charge of both village and railroad 
pimiping plants, the well was tested at 120 gallons a minute, and 
this rate of pumping lowered the water level 3 feet, indicating a 
capacity of 40 gallons a minute for each foot of drawdown. 

The railroad well at Potter is 37 feet deep, 15 feet in diameter, and 
is walled with stone laid in cement. It is reported to extend through 
gravel, *'hardpan,'' and ^'rock.'' The water level is only a few feet 
above the bottom of the well. According to Mr. Irey, the well is 
pumped at about 125 gallons a minute, and this rate of pumping for 
6 hours emptied the well in the fall of 1914 but not in the summer 
of 1915. 

The well that supplies the waterworks at Sidney yields more than 
any other well that was examined. It is about 37 feet deep, 15 feet 
in diameter, and is walled with stone. It extends through gravel to 
a depth of about 28 feet, below which it is in ^'hardpan." At the 
time the weU was dug the lowest 1^ feet of gravel was saturated 
with water; on September 5, 1915, the water level was 26 feet below 
the surface. This well supplies about 28,000,000 gallons a year, or 
an average of about 80,000 gallons a day. In a test made September 
5, 1915, it was pumped for one hour at 710 gallons a minute, as 
measured by the installed meter, and the water level was lowered 
only 0.31 foot. Pumping for three hours at about 650 gallons a 
minute is reported to produce a drawdown of about 8 inches. It is 
also reported that before any ^'hardpan'' had been excavated the 
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well was pumped at 1,100 gallons a minute without emptying it, all 
of the water prediunably coming from the IS-inch layer of saturated 
gravel. 

The Union Pacific Railroad Co. has two wells in Sidney that are 
somewhat similar to the city well. The new well is 40 feet deep, 16 
feet in diameter, walled with stone laid in cement. It was sunk 
through dry gravel to the depth of 24 feet and through *'hardpan" 
from this depth to the bottom, the first water being struck in crevices 
in the ''hardpan'' at a depth of about 30 feet. Mr. J. R. McCart 
reports that while the well was being sunk it was pumped 550 gallons 
a minute without exhausting the supply and that the well is usually 
pumped at about 350 gallons a minute. The old well is not so deep 
as the new one and yields less water. 

Other wells in Sidney that yield considerable water are the Chicago, 
Burlington & Quincy Railroad well, the sohoolhouse well, and the 
weU at the J. A. Reisdorff ice factory. The railroad well is a large 
dug hole reported to have only about 4 feet of water but to yield 
freely. The schoolhouse well has 7-inch casing and is said to be 
about 45 feet deep. It was pumped on September 3, 1915, at 35 
gallons a minute, a^ which rate it is frequently pumped for 10 or 12 
hours. The ice-factory well is a dug hole about 50 feet deep and is 
said to bo a strong well, although it is pumped at a rate of only 10 or 12 
gallons a minute. 

The well that supplies the waterworks at Lodgepole is 100 feet 
deep, the upper' 17 feet being a dug hole and the rest a drilled hole 
14 inches in diameter. The first water was struck in gravel at the 
depth of 17 feet, and ^'hardpan" was reached at 17^ feet. Most of 
the supply is reported to have been found between the depths of 
50 and 75 feet. The well is usually pumped at about 110 gallons a 
minute. This rate of pumping is reported to produce a drawdown, 
in some seasons of 5 or 6 feet, but at the time the well was examined, 
September 9, 1915, the drawdown was only about 1 foot. 

The railroad weU at Lodgepole is 56 feet deep. It consists of a 
dug hole about 30 feet deep and three 3-inch drilled holes extending 
26 feet downward from the bottom of the dug hole. As reported by 
Mr. J. J. Finnegan, who is in charge of the railroad water supply at 
this place and at ChappeU, the well passed through water-bearing 
gravel between the depths of 7 and 11 feet and through hard clay 
from 11 feet to the bottom. The water level is about 8 feet below 
the surface. Pumping at the rate of 115 gallons a minute is re- 
ported by Mr. Finnegan to lower the water level about 2 feet in 
the first hour of pumping, after which there is no noticeable lowering 
even though the pump is run all day. In tests made September 9 
and 10, 1915, the drawdown was 1.35 feet after 20 minutes of pump- 
ing and 2.1 feet after 1 hour and 15 minutes, 2 hours, and 3 hours of 
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pumping. These Jests therefore indicat<Bd a capacity of about 55 
gallons a minute for each foot of drawdown. 

A few wells have been sunk in Cheyenne County to obtam water 
for irrigation, but none of them were beii^ pumped in September, 
1915. The dug well of Mr. Nels Olson, 2 miles west of Sidney, is 
16 feet deep, and in September, 1915, the water level was 9.8 feet 
below the surface. This well is equipped with a pump rated at 
750 gallons a minute, but no test of the yield was made. A shallow 
well, 8 feet in diameter, dug near the creek, on the Benjamin Glenn 
estate, in the SW. i sec. 33, T. 14 N., R. 49 W., was formerly pro- 
vided with a rather large pumping plant to be used for irrigation, 
but it is now abandoned. The Campbell wells, on land now belonging 
to Mr. George Graves, in the NE. i sec. 35, T. 14 N., R. 47 W., 
were sunk to obtain a supply for irrigation but were not in use in 

1915. There are five wells at intervals of 25 feet and a little less than 
50 feet from the creek. As reported by Mr. J. C. Johnson, the driller; 
they were at first carried to depths of only 16 to 18 feet and were 
finished in gravel with 12-inch perforated casings. The depth to 
water level was about 7 feet. They yielded considerable water but 
did not adequately supply the 6-inch centrifugal pump with which 
they were simultaneously pumped. Two of the wells were then 
extended as 8-inch uncased holes, through the ''hardpan" to a 
total depth of 80 feet. Additional water struck in the **hardpan'* 
rose to a level 2 or 3 feet above the original water level. These 
two wells, according to Mr. Johnson, supplied the pump. The 
discharge of the pumping plant is reported to have been 1,380 
gallons a minute, but this report was not verified. 

DEUEL COXrirTT, 27EBB. . 

The weU that supplies the waterworks at Chappell is 4 feet in 
diameter and 34 feet deep and extends through gravel to the top of 
the clay. The water level is about 28 feet below the surface. Accord- 
ing to Mr. R. H. Libby, who is in charge of the plant, the well is usually 
pumped at a rate of about 85 gallons a minute but has been tested 
at 200 gallons a minute. It supphes 5,000 to 30,000 gallons a day. 

The railroad well at Chappell is 16 feet in diameter and 32 feet 
deep, and ends in gravel. The water level is reported to be about 
22 feet below the surface. When measured by Mr. Finnegan, in 

1916, pumping at the rate of 200 gallons a minute for several hours 
lowered the water level only 1 J feet. 

The principal attempt in this part of the valley to recover ground 
water for irrigation was made by Mr. Skip McNew, who sank five 
14-inch wells near the creek on sec. 12, T. 12 N., R. 45 W., and 
installed a 6-inch centrifugal pump. In 1915 the plant had been 
abandoned, but from such meager information as could be obtained 
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it appears that the wells supj^lied the pump, which probably had 
a capacity of about 900 gallons a minute. 

Near the Colorado State line Lodgepole Valley opens into the 
valley of the South Platte, which is wider, has a somewhat deeper 
deposit of alluvial gravel, and no doubt has a larger supply of ground 
water. At "Julesbiu'g, Colo., just below the mouth of Lodgepole 
Valley, both city and railroad supplies are derived from the alluvial 
gravel, which is here about 40 feet thick. 

The Julesburg waterworks are supplied by two wells, 14 feet 
apart, both of which, according to Mr. C. H. Lent, superintendent 
of the city waterworks, are 40 feet deep and have 14-inch sheet-iron 
casings with perforations IJ inches long and one-fourth inch wide. 
The water level is about 12 feet below the surface. It is reported 
that either of these wells will supply 750 gallons a minute with the 
suction pipe extending 15 feet below the water level. In a brief 
test made September 8, 1915, the two wells together supplied 750 
gallons a minute, or somewhat more, with an average drawdown of 
3.33 feet, indicating a capacity for each well, when both are being 
pumped, of about 110 gallons a minute for each foot of drawdown. 

The railroad supply at Julesburg.is obtained from a well 16 feet 
deep and 12 feet in diameter, ending in gravel. The water level is 
5 feet below the surface. In September, 1915, the well supplied 
300 gallons a minute, but in dry seasons it has been emptied by 
pumping 200 gallons a minute. This information was furnished by 
Mr. McCart. 

WATER IN TERTIARY FORMATIONS. 

The Tertiary formations, named in their order from the top 
downward, are the Ogalalla formation, the Arikaree formation, the 
Brule clay, and the Chadron sandstone. They are described on pages 
39-42, and their water-bearing capacity where they lie below the 
alluvium is discussed on page 47. 

The Ogalalla formation, which underlies large parts of the Great 
Plains, generally yields abundant supplies of good water from the 
irregular gravelly beds which it contains. This formation supplies 
most of the wells in the region adjacent to Lodgepole Valley east 
of Pinebluff , but in some places the base of the formation is so high 
above the valley that the water drains out of it and wells must be 
Slink into the underlying Brule clay. 

The Arikaree formation consists largely of sandstone, the lower 
part of which is saturated with water that it yields rather freely to 
wells. Most of the drilled wells ending in this formation are cased to 
prevent caving, but some of the dug wells are left uncased. The sand 
causes some trouble by running into welk that are finished with 
74351*»— 1^— wsp 425 5 
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open ends or with large perforations in the casings and by clo^ng 
screens of finer mesh. So far as possible screens of fine mesh shoidd be 
avoided, and the difficulty with sand shoidd be overcome by thorough 
cleaning out and hard pumping at the time the wells are finished. 
If necessary gravel should be inserted to hold back the sand. As 
shown by analyses 7 and 10 (pp. 54-55) the water from the Arikaree 
formation contains only a moderate amount of mineral matter, 
which consists chiefly of silica, calcium, and bicarbonate, the two 
last named rendering it somewhat hard, It is of good quality for 
irrigation. The sandstone of this formation is reached by wells on 
the upland and in the valley from the vicinity of the Pole Creek 
ranch to a point a little beyond Egbert. No traces of the formation 
were found farther east in or near Lodgepole Valley. 

The wells on the uplands for some miles east of the Islay escarp- 
ment are supplied by water from gravelly beds that overhe the 
typical sandstone of the Arikaree formation. The water level here 
is rather deep, but the supplies are abundant and the water is good. 
A sample of the water was taken from the driUed well of Mr. W. H. 
Thompson in the S. i sec. 19, T. 16 N., R. 68 W. (No. 4 in table on 
p. 54). This well is on the upland, 250 feet above the valley, in 
the region where the gravelly deposits extend down to the val- 
ley. The wdl is 260 feet deep and the depth to water level is said 
to be 251 feet. The owner reported that it passes through ''clay 
and gravel*' and ends in water-bearing "sand and gravel.'' The 
lowest 20 feet of casing is perforated to admit the water. The well 
yields freely and the water is good. East of the vicinity of the Pole 
Creek ranch the base of the gravelly deposits is generally above the 
water level and the wells penetrate the underlying sandstone. 

The Brule clay is in general too dense to be a. good water bearer 
and some wells drilled into it have been failures. In most places, 
however, it yields supplies that are adequate for domestic uses 
and for watering stock, aijd in parts of the valley it yields very freely. 
The water generally comes from th(B joints into which the formation 
readily breaks, but a few wells end in sand that appears to be inter- 
bedded with the day. Most of the wells between Egbert and Pine- 
bluff end in Brule clay and some of them are unsatisfactory. Many 
of the upland wells near Sidney and in other localities east of Pine- 
bluff have also been drilled into the Brule clay and most of these 
yield some water. Although this formation yields water freely at 
many places in the valley, it becomes tighter near the margins of 
the valley, where wells have been drilled into it a few hundred feet 
without finding much water. The water from the Brule clay ap- 
parently contains somewhat more mineral matter than that from the 
overlying formations. It would deposit large amounts of scale in 
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boilers but, so far as the analyses show, it is not generally too highly 
mineralized for domestic use or for irrigation. (See especially analysis 
No. 21, pp. 54-55.) 

So few wells hare been sunk to the base of the Brule clay that there 
is little information regarding the Chadron sandstone, which, near 
the mountains, crops out below this clay. In the few d^ep wells that 
have been drilled either this sandstone was absent or it did not sup- 
ply much water. The flowing well at the city pumping plant in 
Julesburg, Colo., passed through ^'yellow shale" between the depths of 
40 and 200 feet, and ''blue shale'' betwee/i the depths of 200 and 400 
feet, where the drilling was stopped. A 4-inch bed of sand between 
the two shale beds yielded a natural flow amoimting to a fraction 
of 1 gallon a minute. If the ''yellow shale'' is the Brule clay, this 
thin bed of sand is at the horizon of the Chadron sandstone. Some 
of the other wells that reached sand after passing through the Brule 
clay may end in Chadron sandstone. 

WATER IN CRETACEOUS AND OIiDER FORMATIONS. 

The formations in the general section shown on page 39 doubtless 
extend eastward beneath Lodgepole Valley, probably with some 
changes in character and thickness. The two notable facts regarding 
this section are that the Dakota sandstone, which in the vicinity of 
the Laramie Mountains is included in the Cleverly formation, is a 
widespread and very important artesian horizon and that the Pierre 
shale is a very thick and impervious formation which will produce 
little water and that of poor quality. Throughout most of its great 
thickness the Pierre shale consists of a dark plastic homogeneous shale. 
Above it and below the Tertiary system in this region there are alter- 
nating sandy and shaly beds (Fox Hills and other formations) which 
will yield some water, but which, so far as is now known, are not 
strong water bearers. Below the Pierre shale — ^between this shale 
and the Dakota sandstone — ^he the Niobrara Umestone and the 
Benton shale, which also contain water-bearing members. Below 
the Dakota sandstone there are still other water-bearing formations, 
but they he too far below the surf ace in this region to be considered 
as sources of water supply. 

There are two flowing wells at Islay station and a 6-inch drilled 
well on slightly lower ground in sec. 27, in the same township, in 
which the water level in September, 1915, stood 3 feet below the sur- 
face, or 5.4 feet below the top of the casing. Definite information 
regarding the depths and sections of these wells could not be obtained, 
but according to N. H. Darton* they are from 150 to 300 feet deep 

1 Darton, N. H., Blaokwelder, Eliot, and Siebcnth»l, C. S., U. S. Q«ol. Survey Geol. Atlas, Laramie- 
foUo (No. 173), p. 17, 1910. 
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and apparently derive their water from the Fox Hills sandstone. 
On September 16, 1915, the south well at Islay flowed about 2 gallonsi 
a minute and the north well about 10 gallons a minute. The water «_^-^, 
is of good quality, as is shown by analysis No. 2 (pp. 54-56). A well ' 
at Cheyenne, which is reported to have been 1,145 feet deep, passed 
through much-sand and obtained a small flow but was not considered 
successful.* A well on the farm of Mr. Frank Hand, about 6 miles i 
south of Sidney, is said to have been sunk to a depth of about 1,000 f 

feet and to have obtained only a small yield. If the well reached - 

this depth it probably entered the Pierre shale. At Sterling, Colo., ' 
in the vaUey of the South Platte, a well is reported to have been sunk ' 
to a depth of 600 feet, chiefly through blue shale. Artesian water 
that flowed 2 or 3 gallons a minute is reported to have been struck in « 
a thin bed of sand at a depth of about 400 feet. ■' 

Too few wells have been sunk in this region to test adequately the 
water-bearing beds above the Pierre shale, and none of them were 
deep enough to reach the beds below the Pierre shale. There is some 
prospect of obtaining flowing wells by deep drilling in Lodgepole 
Valley from formations above or below the Pierre shale, but the 
prospect of obtaining adequate supplies at a cost low enough for 
irrigation by deep drilUng must be regarded as poor. The formations 
above the Pierre shale could be tested by wells not more than 1,000 
feet deep, but imless the formations are much thinner toward the 
east than where they outcrop, wells several thpusand feet deep 
would be required to reach the Dakota sandstone. 

IBRIOATION WITH GROUND WATER. 

The problem of irrigation with well water in Lodgepole Valley 
relates chiefly to the cost and to the quantity of water available. 
Several wells have been sunk in the valley to obtain water for irri- 
gation, but in 1915 only a few of these wells were used and some of 
them had been permanently abandoned. The supply has generally 
been large enough but the difiiculty has been rather in the work and 
cost of pumping and applying the water. 

The cost of pumping varies within wide limits. Success or failure 
depends largely on the care and the ability with which the plant is 
installed and operated. With good management, pumping for the 
irrigation of staple crops should at present be economically prac- 
ticable in those parts of Lodgepole Valley where satisfactory wells 
can be obtained, where there is good soil to which to apply the w^ter, 
and where the water table is within 25 feet of the siu^ace. (See Pis. 

> Darton, N. H., PrtUminarj report on th« gsology and underground-wator resouroes of tho central 
Oreat Plains; U. 8. Oeol. Sorvey Prof. Paper 89, p. 366, 190&. 
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IV, V, and VI.) Under favorable conditions pumping can probably / 
be made profitable even where the depth to the water table is some- 
what more than 25 feet. One of the chief causes of failure in a semi- 
arid region, such as Lodgepole Valley, is that in the years of sufficient 
precipitation the pumping plants are neglected and are consequently 
out of repair when they are again needed. 

The most practical type of pumping plant for Lodgepole VaUey 
consists of one or more drilled wells, a centrifugal pump with a 
capacity of not less than about 1 second-foot and not more than 
several second-feet, and an internal-combustion engine adapted to 
the use of low-grade, inexpensive distillate, the water to be used in 
the vicinity of the pumping plant. 

Where the water is obtained from gravel the wells can be dug by 
hand, but in general adequate supplies, can be obtained at less cost 
by digging only to the water level and below this level sinking wells 
8 to 14 inches in diameter and using casings that are abundantly 
perforated. In some localities it will be advisable to sink the wells 
into the "hardpan.'' Where sufficient water is not obtained from 
one well, several wells can be sunk, 50 to 100 feet apart, and con- 
nected with the same pump. 

Where the water table is not more than 25 feet below the surface, 
horizontal centrifugal pumps are commonly used, these pumps 
being installed just above the water level -and connected with the 
engine by a belt that makes an angle of not more than 45° with the 
horizontal. Vertical centrifugal pumps are generally submerged. 
They are adapted to use in wells in which the water level lies rather 
deep or fluctuates greatly. 

A large central power plant with electric-transmission lines extend- 
ing to the individual pimiping units, such as have been installed 
near Garden City, E^ans., and at Portales, N. Mex., would probably 
have some advantage in economy and convenience over small engines 
installed at the pumps, but the installation of such a plant is not 
recommended at present for Lodgepole Valley, especially because 
pumping on a large scale woidd probably interfere with existing rights 
to the stream water. 

The following data in regard to the pimiping plant of Mr. Gus. 
Forsling in the NE. J sec. 34, T. 16 N., R. 57 W. (see p. 57), were 
obtained in part from the owner and in part by a test made on Sep- 
tember 21, 1915. In its general features this plant is more or less 
typical of the pumping plants that are best adapted to the conditions 
in this valley. 
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Data in regard to the pumfnng plant of Mr, Out. Fcnling, near BushneU, Nehr. 

Well, 31 feet deep, 14-iiich casing below cement-lined pump pit, ending in gravel. 
Pump, 5-inch vertical centrifugal. 
Power, IS-horsepower gasoline engine. 
Cost of well, pmnp, and engine, 1867. 
Estimated total cost of plant, |1,000. 
Normal water level, below surface, 15 feet. 
Normal water level, below discharge, 33 feet. 
Drawdown, about 4 feet. 
Total lift, about 37 feet. 
Bated capacity of pump, about 1.5 second-feet. 
Yield when tested, September 21, 1915, 1 second-foot. 
Gasoline used, 1) gallons per hour. 
Cost of gasoline, 12 cents per gallon. 

Useful work accomplished (lifting 1 second-foot of water 37 feet), 4.2 horsepower. 
Energy expended, counting 1 pint of gasoline per honepower-hour, 13.3 horsepower. 
Efficiency, 31.6 per cent. 

Gasoline required to pump 1 acre-foot of water. (1 second-foot during 12 hours), 20 
gallons. 
Cost of gasoline to pump 1 acre-foot, 12.40. 

In the preceding table the estimate of yield of water is based on a 
test of about 1 hour, made September 21, 1915, but the estimate of 
the consumption of gasoline is based on ^ run of 19 hours. If in the 
longer run the water table stood higher or the yield of the pimip was 
more nearly its rated capacity the conclusions as to efficiency aud cost 
per acre-foot may be somewhat vitiated. The price of gasoline has 
advanced since the test was made, but distillate^ costing less than 12 
cents could be used. Where fuel is consumed in relatively small 
quantities kerosene, which is cheaper than gasoline, is frequently 
used. There are, of course, many other expenses besides the cost of 
the fuel, such as lubricants, repairs and renewals, labor, and fixed 
charges, 9uch as taxes and interest on investment. 

According to Mr. Forsling the plant will irrigate 1 acre in 2 hours, 
and one irrigation will serve to raise a crop of fully 1 ton of alfalfa. 
According to the above figures, such an irrigation would be only 2 
inches deep, and even if the pump worked at its rated capacity it would 
be only 3 inches deep. This involves a much higher duty of water than 
is usually attained, even in regions having as much rainfall as Lodge- 
pole Valley. On soil that is not too porous it should be possible on 
the average to raise a ton of alfalfa with one-half or two-thirds of an 
acre-foot of irrigation water, although frequently the amoimt used is | 
greater.* If the Forsling plant were operated 80 days during the ' 
irrigation season for an average of 12 hours a day it would yield 80 
acre-feet of water, which, with a duty of two-thirds acre-foot per ton 
of alfalfa, would produce 120 tons of this hay. 

1 Bark, D. H., Ezperlmfiiitt on tb« tconomical um of irrigation wat«r in Idaho: U. 8. Dept. Agr. 
BoU. 339, 1916. 
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GBOUND WATEB IN LODG^POLE VALLEY, WYO.-NEBB. ft7 

The data given above incjicate a cost for fuel of $1.60 for each ton 
of alfalfa raised. Assuming that interest and taxes amount to 9 per 
cent and that renewals, repairs, and other expenses amount to 15 
per cent of the original investment of $1,000, these items would add , 
$2 per ton, making a total cost of $3. 60. per ton, exclusive of the cost 
of labor in pumping and, of course, exclusive of the cost of planting 
the fields, appljdng the water, and harvesting the crop. 

Wells yielding enough water for practical irrigation can be obtained 
in most parts of Lodgepole Valley, and the total irrigated area could 
be considerably increased by pumping. However, the area now irri- 
gated is very large in comparison to the size of the stream, because 
ground water is suppUed to the stream during the irrigation season. 
Extensive pumping of ground water would reduce the available sup- 
ply of stream water, although the decrease in stream water would be 
less than the increase in pumped well water. Pumping on a moder- 
ate scale will probably not appreciably reduce the supply of stream 
water and is doubtless practicable in Lodgepole VaUey. 

Flowing wells could probably be obtained by deep drilling in some I 
parts of the valley, but the prospects are not encouraging for obtain- \ 
ing supplies from deep weUs in quantities or at costs practicable for 1 
irrigation. 

COST OF PUMPING FOR IRRIGATION IN WESTERN 

NEBRASKA. 

By H. C. DiESBM.i 

During the growing season of 1914 the rainfall was 2.49 inches 
below normal in the northwestern part of Nebraska, 1.40 inches below 
in the western part, and 1.60 inches below in the southwestern part, 
and the general average rainfall for the western half of the State was 
2.08 inches below the normal. 

During this and the preceding dry seasons considerable interest was 
manifested in pumping, and numerous pumping plants were installed 
and operated throughout the State. In 1915 the precipitation was 
above the average, and none of the pumping plants wiere operated, 
but in the season of 1916 a drouth existed during the month of July 
and many of the plants were again operated. 

The Division of Irrigation Investigations, OflElce of Public Roads 
and Rural Engineering, United States Department of Agriculture, 
obtained records of some of the pumping plants operated during the 
seasons of 1914 and 1916 but has not yet compiled the data for 1916. 

The records for 1914 have been arranged in the order of the cost 
of pmnping ao acre-foot per foot lift, which ranged from 4.35 cents 

1 Dividaa of Irrigation InvestigaUons, OfOo* of Pablio RoMla and Rural Engineeriiig, U. 8. Department 
of Agriculture. , 
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to 13 cents. The operations during that season showed some very 
good runs, ranging from 81 to 600 hours for the season, at a total cost 
of operation, exclusive of labor, ranging from $36.19 to $185.76 for 
the season's pumping. The cost of pumping an acre-foot ranged from 
$1,502 to $3,636, but as the lift ranged from 28 to 45 feet a true com- 
parison must be based on the cost of pumping an acre-foot per foot 
Uft. 

It is noteworthy that the maximum cost per acre-foot deUvered 
was at a plant having one of the two lowest lifts. This fact can be 
due only to low efficiency of the plant. Though plant No. 1 deliv- 
ered water at only 4.35 cents per acre-foot per foot lift, plants Nos. 
2, 3, and 4, operated at a higher cost, furnished water on the land at 
a lower cost not only per acre irrigated but also per acre-inch appUed. 
This difference is explained by the fact that the lift on No. 1 was 
greater and that the actual quantity of water appUed to the land 
imder plant No. 1 was but a trifle less than that from No. 2 and 
greater than that from Nos. 3 and 4. Plant No. 1 was also handi- 
capped by not having a well of sufficient capacity to supply the 
pump; and though the engine is supposedly self-governing, it was 
not operated to its full capacity but was speeded down, and the plant 
was run below its rated capacity to avoid drawing down the well and 
sucking air, and thus breaking the suction of the pump. 





Results 


f Operating certain pumping plants in Nebraska in 


1914. 




Plant. 


Pumping. 


Cost. 


Area to 

which 

water was 

appUed 

once. 


No. 


Engine. 


Pump.a 


Lift 


Time. 


Quantity. 


Total for 
season. 


Per acre- 
foot. 


Per acre- 
foot per 
foot lift. 


1 


Horsepower. 

15 
35 
15 
20 
22 
15 
30 
15 
20 
18 
15 


5 T 
6H 

6 V 

5 V 

6 V 
6H 
5H 
6 V 
6 V 
5H 
5H 
6H 


Feet. 
45 
34 
40 
28 
31 
43 
32 
44 
35 
33 
28 
28 


436 35 
487 00 
116 55 
190 00 
128 00 

96 00 
600 25 

81 00 
355 30 
176 00 
151 00 

90 00 


Aefe-feet. 
40.11 
47.07 
19.68 
27.23 
18.88 
13.12 
80.06 
16.79 
26.96 
14.67 
14.23 
11.70 


178.52 
70.69 
37.27 
43.85 
36.19 
86.40 

185.76 
54.11 
82.40 
43.48 
3&40 
42.54 


11.058 


Cents. 
4.35 


Aereg, 
100 


2 


1.602 4.42 
1.894 i 4.74 

1.603 • 6.73 
1.917 1 6.18 
2.774 6.45 
2.320, 7.25 
3.426 7.79 
3.056 , 8.73 
2.962 8.98 
2.699 ; 9.63 
3.636 13.00 


104.6 


3 


68 


4 


63 


6 


41.5 


6 


. 35 


7 


220 


8 


60 


9 


120 


10 


48.5 


11 


28 


12 


20 











a Centrifugal pun^>& Figure indicates number or size. H- horleoatal, V- vertical, T— turbine. 

The last column shows the number of acres to which water was 
applied once; for instance, plant No. 7 irrigated 110 acres twice, 
which is equivalent to irrigating 220 acres once. 

The following table shows the number of times the crop was irri- 
gated and the cost of applying the water to that crop: 
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Number and cost ofirrigatwM at certain pumping plants in Nebraska in 1914. 





Cropirri- 


Area 
irrigated, 
in acres. 


Num. 
berof 
irriga- 
tions. 


Water appUed. 


Cost. 


Plant No. 


Total,in 
acre-feet. 


Acre- 
inches per 
acre. 


Per acre. 


acre- 


1 


Com 

Beets 

Com 

...do 

..do 


40.0 
87.3 
26 
20 
10 
35 
110 
3 

60 
48 
13 

ao 


3 
3 
3 

2 
3 

1 
3 
3 
3 

1 
3 

1 


30.39 
33.88 
14.62 
16.05 

9.38 
13.13 
80.06 

1.76 
36.96 
13.54 
10.66 
11.70 


9.09 

10.56 
7.02 
9.08 

11.36 
4.50 

16.01 
7.04 
5.89 
3.39 

10.66 
7.02 


81.482 
1.333 
1.104 
1.306 
1.754 
1.040 
1.689 
3.008 
1.373 
.835 
2.397 
3.127 


10.169 


2 


,12f 


3 


.158 


4 

5.. 


.133 
160 


6 


...do 


.231 


7 


..do 


.106 


8 


...do 


.390 


9 1 


...do 


.255 


10 


...do 


.347 


11 


...do 


.335 


12 


...do 


.303 
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HYDRAUUC CONVERSION TABLES AND CONVENIENT 
EQUIVALENTS. 



DEFINITION OF TERMS. 

The volume of water flowing in a stream — the ''nm-off" or "dis- 
charge" — ^is expressed in various terms, each of which has become 
associated with a certain class of work. These terms may be divided 
into two groups — (1) those that represent a rate of flow, as second- 
feet, gallons per minute, miner's inches, and discharge in second- 
feet per square mile, and (2) those that represent the actual quantity 
of water, as run-oflf in depth of inches, acre-feet, and millions of 
cubic feet. The principal terms may be defined as follows: 

''Second-feef is an abbreviation for "cubic feet per second." 
A second-foot is the rate of discharge of water flowing in a channel 
of rectangular cross section 1 foot wide and 1 foot deep at an average 
velocity of 1 foot per second. It is generally used as a fundamental 
unit from which others are computed by the use of the factors. 

"Second-feet per square mile" is the average number of cubic 
feet of water flowing per second from each square mile of area 
drained on the assumption that the run-off is distributed uniformly 
both as regards time and area. 

"Run-off, depth in inches," is the degth to which the drainage 
area would be covered if aU the water flowing from it in a given 
period were conserved and uniformly distributed on the surface. 
It is used for comparing run-off with rainfall, which is usually ex- 
pressed in depth of inches. 

An "acre-foot" is equivalent to 43,560 cubic feet and is the quan- 
tity required to cover an acre to the depth of 1 foot. The term is 
commonly used in connection with storage for irrigation. 

"Millions of cubic feet" is used to express quantities of water 
stored in reservoirs, most frequently in connection with studies of 
flood control. 

"Gallons per minute'' and "millions of gallons" are generally 
used in connection with pumping and city water supply. 

The "miner's inch" is the rate of discharge of water that passes 
through an orifice 1 inch square under a head which varies locally. 
It is commonly used by miners and irrigators throughout the West 
and is defined by statute in each State in which it is used. 

71 
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72 CONTEIBUTIONS TO HYDROLOGY OF UNITED STATES, 191'7. 
EXPLANATION OF TABLES. 

The conversion from one unit to another is a simple arithmetical 
process. The following specially prepared tables afford a ready 
means of conversion between the terms in common use in hydraulic 
computations. The results are taken out separately for units, hun- 
dreds, etc., and then combined to get the desired result. As the con- 
version of second-feet per square mile to run-off in depth in inches, 
and second-feet to acre-feet are very frequent operations in the prepa- 
ration of stream-flow records, the tables for these operations have 
been expanded to give directly without computation or interpola- 
tion the desired results for months of 28, 29, 30;^ and 31 days. 

Attention is called to the fact that although tie tables will give 
results to more than three significant figures, it is seldom that the 
base data or the requirements for which the records are collected 
win justify the use of more than three significant figures. 

CONVERSION TABLES. 

Digcharge in second-feet per square mile into run-off in depth in inches, 

86 400x12 
[1 second-foot for 1 day-86,400 cubic 'oet-= 27-870-400'*®-^^^® ^^^ ^®®P ®° ^ square mile.] 



Discharge 
(second -feet 


Run-off (depth in inches). 


Iday. 


28 days. 


29 days. 


30 days. 


31 days. 


1 


0.03719 
.07438 
.1M57 
. 14876 
.18595 
.22314 
.26033 
.29752 
.33471 


1.041 
2.083 
3.124 
4.166 
6.207 
6.248 
7.289 
8.331 
9.372 


1.079 
2.157 
3.236 
4.314 
6.393 
6.471 
7.650 
8.628 
9.707 


1.116 
2.231 
3.347 
4.463 
6.578 
6.694 
7.810 
8.926 
10.041 


1.153 
2.306 
3.459 
4.612 
5.764 
6.917 
8.070 
9.223 
10.376 


2 


3 


4 


6 


6 


7 


8 


9 





Note.— For part of month multiply run-off for 1 day by number of days. 

Discharge in second-feet into run-off in acre-feet, 

[1 second-foot for 1 day=86,400cubicfeet=^^=1.983471 acre-feet.] 



Discharge 
(second- 
feet). 


Run-off (acre-feet). 


l^?ay. 


28 days. 


29 days. 


30 days. 


31 days. 


1 


1.983 
3.967 
6.950 
7.934 
9.917 
11.90 
13.88 
16.87 
17.85 


55.54 
111.1 
166.6 
222.1 
277.7 
a33.2 
388.8 
444.3 
499.8 


57.52 
115.0 
172.6 
230.1 
287.6 
345.1 
402.6 
460.2 
617.7 


59.50 
119.0 
178.5 
238.0 
297.5 
357.0 
416.5 
476.0 
535.5 


61.49 
123.0 
184.5 
246.0 
307.4 
368.9 
430.4 
491.9 
553.4 


2 


3 


4 


6 


6 


7 


8 


9 





NocB.— For part of month multiply run-off for 1 day by number of days. 
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Discharge in Beeornd-feet iiinU> rwnroffia nvOUona of cufncfiei. 

[1 second-foot for 1 day -86,400 cubic feet- 0.0664 million cubic feet.] 



Discharge 
(second- 
feet). 


Run-off (millions of cubic feet). 


Iday. 


28 days. 


29 days. 


30 days. 


31 days. 


1 ,... 


0.0864 
.1728 
.2692 
.3466 
.4320 
.6184 
.6048 
.6912 
.7776 


2.419 
4.838 
7.267 
9.676 
12.10 
14.51 
16.93 
19.35 
21.77 


2.506 
6.012 
7.618 
10.02 
12.53 
15.04 
17.54 
20. a5 
22.55 


2.592 
6.184 
7.776 
10.37 
12.96 
15.55 
18.14 
20.74 
23.33 


2.678 
6.356 
8.034 
10.71 
13.39 
16.07 
18.75 
21.42 
24.10 


2 


3 


4 


6 


? 


8 

9 





Note.— For part of month multiply run-off for 1 day by the number of days. 

Ducharge in second-feet into run-off in millions of gallons. 

[1 second-foot for 1 day-86,400 cubic feet» ^'^^^*^^ -646,317 gaUons-0.646317 mUUon gallons.] 

231 



Discharge 
(second- 
feet). 


Run-off (millioDS of gallons). 


Iday. 


28 days. 


29 days. 


30 days. 


31 days. 


1 


0.6463 
1.298 
1.939 
2.585 
3.232 
3.878 
4.524 
6.170 
5.817 


18.10 
36.20 
54.30 
72.40 
90.60 
108.6 
126.7 
144.8 
162.9 


18.74 
37.48 
56.22 
74.96 
93.70 
112.4 
131.2 
149.9 
168.7 


19.39 
38.78 
58.17 
77.56 
96.95 
116.3 
135.7 
155.1 
174.5 


20.04 
40.08 
60.12 
80.16 
100.2 
120.2 
140.3 
160.3 
180.4 


2 


3 


4 


5 


6 


7 


8 


9 





Note.— For part of month multiply run-off for 1 day by the number of days. 

Run-off in millions of gallons per day into discharge in second-feet, 

» 

[I million gallons per 24 hours— ^ 728X86 400 ^'^^^^ ^®®* ^^ second, or 1.547 second-feet.] 



Tens. 



Units. 



0-. 
1.. 
2.. 
3.. 
4.. 
5.. 

8.. 



15.47 
30.94 
46.42 
61.89 
77.36 
92.83 
108.31 
123.78 
139.26 



1.55 
17.02 
32.49 
47.96 
63.44 
78.91 
94.38 
109.85 
125.33 
140.80 



3.09 
18.57 
34.04 
49.51 
64.98 
80.46 
95.93 
111.40 
126.87 
142.34 



4.64 
20.11 
35.59 
51.06 
66.53 
82.00 
97.48 
112.95 
128.42 
143.89 



6.19 
21.66 
37.13 
52.61 
68.08 
83.56 
99.02 
114.49 
129.97 
145.44 



7.74 
23.21 
38.68 
54.15 
60.63 
85.10 
100.57 
116.04 
131.51 
146.99 



9.28 
24.76 
40.23 
55.70 
71.17 
86.64 
102.12 
117.50 
133.06 
148.53 



10.83 
26.30 
41.78 
57.25 
72.72 
88.19 
103.66 
119. 14 
134.61 
150.08 



12.38 
27.85 
43.32 
58.79 
74.27 
89.74 
105.21 
120.68 
136. 16 
151.63 



13.93 
29.40 
44.87 
60.34 
75.81 
91.29 
106.76 
122.23 
137.70 
153.18 



Digitized by 



Google 



74 CONTRIBUTIONS TO HYDROLOG* OF UNITED STATES, 191'7. 
Runoff in miUioru ofgaUona into runoff in aere^feet. 

133 680 
(1 million United States liquid gallons or 231 million cubic iuches-133,680.555 cubic feet, or ^'gQQ »3.0689 

acre^feet.] 



Tens. 


Units. 





1 


2 


3 


4 


5 


6 


7 


8 


9 







8.07 
33.76 
64.45 
05.14 
125.82 
156.51 
187.20 
217.89 
248.68 
279.27 


6.14 

36.83 

67.52 

08.20 

128.89 

169.58 

190.27 

220.96 

251.65 

282.34 


0.21 
39.90 
70.58 
101.27 
131.96 
162.65 
193.34 
224.03 
254.72 
285.41 


12.28 
42.96 
73.65 
104.34 
135.03 
165.73 
196.41 
227.10 
257.79 
288.48 


15.34 
46.03 
78.72 
107.41 
138.10 
168.79 
199.48 
230.17 
260.86 
291.54 


18.41 
49.10 
79.79 
110.48. 
141.17 
171.86 
202.55 
233.24 
263.92 
294.61 


21.48 
62.17 
82.86 
113.55 
144.24 
174.93 
205.62 
236.30 
266.99 
297.68 


24.56 
65.24 
86.93 
116.62 
147.31 
178.00 
208.68 
239.37 
270.06 
300.76 


27.62 


1 


30.69 
61.38 
92.07 
122.76 
153.44 
184.13 
214.82 
245.51 
276.20 


68.31 


2 


89,00 


3 


119.60 


4 


150.38 


5 


181.06 


6 


211.75 


7 


242.44 


8 


273.13 


9 


303.82 







Discharge in gallons per minute into discharge in second-feet, 

031 231 

[1 gallon per minute»-g^ cubic Inches per second -sgrrj-Bg— 0.0022278 second-foot.] 



Tens. 


Units. 





I 


3 


3 


4 


5 


6 


7 


8 


9 







0.0023 
.0245 
.0468 
.0691 
.0913 
.1136 
.1359 
.1582 
.1805 
.2027 


0.0046 
.0267 
.0400 
.0713 
.0936 
.1158 
.1381 
.1604 
.1827 
.2050 


a 0067 
.0290 
.0512 
.0735 
.0958 
.1181 
.1404 
.1626 
.1849 
.2072 


0.0089 
.0312 
.0535 
.0757 
.0980 
.1208 
.1426 
.1649 
.1871 
.2094 


a 0111 
.0334 
.0557 
.0780 
.1003 
.1225 
.1448 
.1671 
.1894 
.2116 


0.0134 
.0356 
.0579 
.0602 
.1025 
.1248 
.1470 
.1603 
.1916 
.2139 


0.0156 
.0379 
.0602 
.0624 
.1047 
.1270 
.1493 
.1715 
.1938 
.2161 


0.0178 
.0401 
.0624 
.0647 
.1069 
.1292 
.1515 
.1738 
.1960 
.2183 


0.0201 


1 


.0446 
.0668 
.0891 
.1114 
.1337 
.1559 
.1782 
.2005 


.0423 


2 


.0646 


3 


.0669 


4 


.1002 


6 


.1314 


6 


.1537 


7 


.1760 


8 


.1083 


9....: 


.2206 







Discharge in ^econd-feet into run-off in acre-feet for a year of $65 days, 
[1 second-foot-86,400 cubic feet in 1 day =^'*^^^|?5- 723.966942 acre-feet in 1 year.] 



Tens. 


Units. 





1 


2 


3 


4 


6 


6 


7 


8 


9 







724 
7,964 
15,203 
22,443 
29,683 
36,922 
44,162 
51,402 
58,641 
65,881 


1,448 
8,688 
15,927 
23,167 
30,407 
37,646 
44,886 
52,126 
59,365 
66,605 


2,172 
9,412 
16,651 
23,891 
31,131 
38,370 
45,610 
62,850 
60,089 
67,329 


3,896 
10,136 
17,376 
24,615 
81,856 
80,004 
46,334 
63,674 
60,813 
68,053 


3,630 
10»860 
18,009 
26,339 
32,579 
39,818 
47,a^8 
54; 298 
61,537 
68,777 


4,344 
11,683 
18,823 
26,063 
83,302 
40,542 
47,782 
65,021 
62,261 
69,501 


5,068 
12,307 
19,547 
26,787 
34,026 
41,266 
48,506 
55,746 
62,985 
70,225 


5,792 
13,031 
20,271 
27,511 
34,750 
41,990 
49,230 
56,469 
63,709 
70,949 


6,516 


I 


7,240 
14,479 
21,719 
28,959 
36,198 
43,43S 
50,678 
57,917 
65,157 


13,755 


2 


20,995 


3 


28,236 


4 


35,474 


5 


42,714 


6 


49,964 
67, 193 


7 


8 


64,433 


9 


71,673 
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Veloeity in feet per second into velocity in miles per hour. 

[1 foot per 8econd«i0.681818 mile per hour, or two-thirds mDe per hour, very nearly; 1 mile per hour- 1.4666 
feet per second. In computing the table the values 0.68182 and 1.4667 were used.] 



Feet per second 
(units). 






Mile! 


1 per hour for tenths of foot per second. 









1 


2 


3 


4 


5 


6 


7 


8 


9 





0.000 
.682 
1.36 
2.05 
2.73 
3.41 
4.09 
4.77 
6.45 
6.14 


0.068 
.750 
1.43 
2.11 
2.80 
8.48 
4.16 
4.84 
5.52 
6.20 


0.136 
.818 
1.50 
2.18 
2.86 
3.55 
4:23 
4.91 
5.59 
6.27 


0.205 

x:r 

2.25 
2.03 
3.61 
4.30 

4.98 
5.66, 
6.34 


0.273 
.995 
1.64 
2.32 
3.00 
3.68 
4.36 
5.05 
5.73 
6.41 


0.341 
1.02 
1.70 
2.39 
3.07 
8.75 
4.43 
5.11 
5.80 
6.48 


0.409 
1.09 
1.77 
2.45 
8.14 
3.82 
4.50 
5.18 
5.86 
6.55 


0.477 

1.16 

1.84 

2.52 

3.20 

8.89 

4.67 

5.25 

5.93 

6.61 


0.545 

1.23 

1.91 

2.59 

3.27 

3.95 

4.64 

5.32 

6.00 

6.68 


0.614 


1 


1.30 


2 , 


•1.98 


3 


2.66 


4 


3.34 


6 


4.02 


6 


4.70 


7 


5.30 


8 


6.07 


9 


6.75 







Discharge in second-feet per square mile into runoff in depth in inches per year ofSSS days. 



No. 


• 


1 


2 


3 * 


i . 


5 


6 


7 


8 


9 


0.0 


0.000 


0.136 


0.272 


0.407 


0.543 


0.679 


0.814 


0.950 


1.086 


L2i22 


0.1 


1.357 


1.493 


1.629 


1.766 


1.900 


2.036 


2.172 


2.308 


2.443 


2,579 


0.2 


2.715 


2.851 


2.986 


3.122 


3.258 


3.394 


3.529 


3.665 


3.801 


3.937 


0.3 


4.072 


4.208 


4.344 


4.480 


4.615 


4.751 


4.887 


5.023 


5.158 


5.294 


0.4 


5.430 


5.565 


5.701 


. 5.837 


5.973 


6.108 


6.244 


6.380 


6.516 


6.651 


0.5 


6.787 


6.923 


7.059 


7.194 


7.330 


7.466 


7.602 


7.737 


7.873 


8.009 


0.6 


8.145 


8.280 


8.416 


8.552 


8.688 


8.823 


8.959 


9.095 


9.231 


9. 366 


0.7 


9.502 


9.638 


9.774 


9.909 


10.045 


10. 181 


10.317 


10.452 


10.588 


10.724 


0.8 


10.860 


10.995 


11.131 


11.267 


11.402 


11. 538 


11.674 


11.810 


11.945 


12.081 


0.9 


12.217 


12.353 


12.488 


12.624 


12.760 


12.896 


13.031 


13. 167 


13.303 


13.439 


1.0 


13.574 


13. 710 


13.846 


13.982 


14. 117 


14.253 


14.389 


14.525 


14.660 


14.796 


1.1 


14. 932 


15.068 


15.203 


15.339 


15.475 


15.611 


15. 746 


15.882 


16. 018 


16. 153 


1.2 


16.289 


16.425 


16.561 


16. 696 


16. 832 


16.968 


17.104 


17.239 


17.375 


17.511 


1.3 


17.647 


17.782 


17.918 


18.054 


18.190 


18.325 


18.461 


18.597 


18. 733 


18.868 


1.4 


19.004 


19.140 


19.276 


19.411 


19.547 


19.683 


19.819 


19.954 


20.090 


20,226 


1.5 


20.362 


20.497 


20.633 


20.769 


20.904 


21.040 


21.176 


21.312 


21.447 


21.583 


1.6 


21.719 


21.855 


21.990 


22.126 


22.262 


22. 398 


22.533 


22. 669 


22.805 


22.941 


1.7 


23.076 


23.212 


23.348 


23.484 


23.619 


23. 755 


23.891 


24.027 


24. 162 


24.298 


1.8 


24.434 


24.570 


24.705 


24.841 


24.977 


25. 113 


25.248 


25.384 


25.520 


25. 656 


1.9 


25.791 


25.927 


26.063 


26. 198 


26.834 


26.470 


26.606 


26.741 


26.877 


27.013 


2.0 


27. 149 


27.284 


27.420 


27.556 


27.692 


27.827 


27.963 


28.099 


28. 235 


28.370 


2.1 


28.506 


28.642 


28.778 


28.913 


29.049 


29. 185 


29.321 


29.456 


29.592 


29. 728 


2.2 


29.864 


29.999 


30.135 


30.271 


30.407 


30.542 


30.678 


30. 814 


30.950 


31.085 


2.3 


31. 221 


31.357 


31.492 


31.628 


31.764 


31.900 


32.035 


32. 171 


32 307 


32.443 


2.4 


32.578 


32.714 


32.850 


32.986 


33. 121 


33.257 


33.393 


33.529 


33.664 


33.800 


2.5 


33.936 


34.072 


34.207 


34.343 


34.479 


34. 615 


34.750 


34.886 


35.022 


35.158 


2.6 


35.293 


35.429 


35.565 


35.701 


35.836 


35. 972 


36. 108 


36. 244 


36.379 


36.515 


2.7 


36.651 


36.786 


36.922 


37.058 


37. 194 


37.329 


37.465 


37.601 


37.737 


37.872 


2.8 


38.008 


38. 144 


38.280 


38.415 


38.551 


38. 687 


38.823 


38.958 


39.094 


39.230 


2.9 


39.366 


39.501 


39. 637 


39.773 


39.909 


40.044 


40. 180 


40.316 


40.452 


40.587 


3.0 


40.723 


40.859 


40.995 


41. 130 


41.266 


41.402 


41.538 


41.673 


41.809 


41.945 



For year ot 366 days multiply by 1.00274. 
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76 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1911. 

Discharge in second-feet per square mile into run-off in depth in im^ per month ofiS 

days. 



No. 





1 


Z 


3 


4 


5 


6 


7 


8 





0.0 


0.000 


0.010 


0.021 


0.031 


0.042 


0.052 


0.062 


0.073 


0.083 


0.094 


.1 


.104 


.115 


.125 


.135 


.146 


.156 


.167 


.177 


.187 


.198 


.2 


.208 


.219 


.229 


.240 


.250 


.260 


.271 


.281 


.292 


.302 


.3 


.312 


.323 


.333 


.344 


.354 


.364 


.375 


.385 


.396 


.406 


.4 


.417 


.427 


.437 


.448 


.458 


.469 


.479 


.489 


.500 


.510 


.6 


.521 


.631 


.541 


.552 


.562 


.573 


.583 


.594 


.604 


.614 


.6 


.625 


.635 


.646 


.656 


.666 


.677 


.687 


.698 


.708 


.719 


.7 


.729 


.739 


.750 


.760 


.771 


.781 


.791 


.802 


.812 


.823 


.8 


.833 


.843 


.854 


.864 


.875 


.885 


.896 


.906 


.916 


.927 


.9 


.937 


.948 


.958 


.968 


.979 


.989 


1.000 


1.010 


1.020 


1.031 


1.0 


1.041 


1.052 


1.062 


1.073 


1.083 


1.093 


1.104 


1.114 


1.125 


1.135 


1.1 


1.145 


1.156 


1.166 


1.177 


1.187 


1.198 


1.208 


1.218 


1.229 


1.239 


1.2 


1.250 


1.260 


1.270 


1.281 


1.291 


1.302 


1.312 


1.322 


1.333 


1.343 


1.3 


1.354 


1.364 


1.375 


1.385 


1.395 


1.406 


1.416 


1.427 


1.437 


1.447 


1.4 


1.458 


1.468 


1.479 


1.489 


1.500 


1.510 


1.520 


1.531 


1.541 


1.552 


1.5 


1.562 


1.572 


1.583 


1.593 


1.604 


1.614 


1.624 


1.635 


1.645 


1.656 


1,6 


1.666 


1.677 


1.687 


1.697 


1.708 


1.718 


1,729 


1.739 


1.749 


1.760 


1.7 


1.770 


1.781 


1.791 


1.801 


1.812 


1.8t53 


1.833 


1.843 


1.854 


1.864 


1.8 


1.874 


1.885 


1.895 


1.906 


1.916 


1.926 


1.937 


1.947 


1.958 


1.968 


1.9 


1.979 


1.989 


1.999 


2.010 


2.020 


2.031 


2.041 


2.051 


2.062 


2.072 


2.0 


2.083 


2.093 


2.103 


2.114 


2.124 


2.135 


2.145 


2.156 


2.166 


2.176 


2.1 


2.187 


2.197 


2.208 


2.218 


2.228 


2.239 


2.249 


2.260 


2.270 


2.280 


2.2 


2.291 


2.301 


2.312 


2.322 


2.333 


2.343 


2.353 


2.364 


2.374 


2.385 


2.3 


2.395 


2.405 


2.416 


2.426 


2.437 


2.447 


2.458 


2.468 


2.478 


2.489 


2..4 


2.499 


2.510 


2.520 


2.530 


2.541 


2.551 


2.562 


2.572 


2.582 


2.593 


2.5 


2.603 


2.614 


2.624 


2.635 


2.645 


2.655 


2.666 


2.676 


2.687 


2.697 


2.6 


2.707 


2.718 


2.728 


2.739 


2.749 


2.759 


2.770 


2.780 


2.791 


2.801 


2.7 


2.812 


2.822 


2.832 


2.843 


2.853 


2.864 


2.874 


2.884 


2.895 


2.905 


2.8 


2.916 


2.926 


2.937 


2.947 


2.957 


2.968 


2.978 


2.989 


2.999 


3.009 


2.9 


3.020 


3.030 


3.041 


3.051 


3.061 


3.072 


3.082 


3.093 


3.103 


3.114 


3.0 


3.124 


3.134 


3.145 


3.155 


3.166 


3.176 


3.186 


3.197 


3.207 


3.218 


3.1 


3.228 


3.239 


3.249 


3.259 


3.270 


3.280 


3.291 


3.301 


3.311 


3.322 


3.2 


3.332 


3.343 


3.353 


3.363 


3.374 


3.384 


3.395 


3.405 


3.416 


3.42G 


3.3 


3.436 


3.447 


3.457 


3.468 


3.478- 


3.488 


3.499 


3.509 


3.520 


3.530 


3.4 


3.540 


3.551 


3.561 


3.572 


3.582 


3.593 


3.603 


3.613 


3.624 


3.634 


3.5 


3,645 


3.655 


3.665 


3.676 


3.686 


3.697 


3.707 


3.718 


3.728 


3.738 


3.6 


3.749 


3.759 


3.770 


3.780 


3.790 


3.801 


3.811 


3.822 


3.832 


3.842 


3.7 


3.853 


3.863 


3.874 


3.884 


3.895 


3.905 


3.915 


3.926 


3.936 


3.947 


3.8 


3.957 


3.967 


3.978 


3.988 


3.999 


4.009 


4.019 


4.030 


4.040 


4.051 


3.9 


4.061 


4.072 


4.082 


4.092 


4.103 


4.113 


4.124 


4.134 


4.144 


4.155 


4.0 


4.165 


4.176 


4.186 


4.197 


4.207 


4^217 


4.228 


4.238 


4.249 


4.259 


4.1 


4.269 


4.280 


4.290 


4.301 


4.311 


4.321 


4.332 


4.342 


4.353 


4.363 


4.2 


4.374 


4.384 


4.394 


4.405 


4.415 


4.426 


4.436 


4.446 


4.457 


4.467 


4.3 


4.478 


4.488 


4.499 


4.509 


4.519 


4.530 


4.540 


4.551 


4.561 


4.571 


4.4 


4.582 


4.592 


4.603 


4.613 


4.623 


4.634 


4.644 


4.655 


4.665 


4.676 


4.5 


4.686 


4.696 


4.707 


4.717 


4.728 


4.738 


4.748 


4.759 


4.769 


4.780 


4.6 


4.790 


4.800 


4.811 


4.821 


4.832 


4.842 


4.853 


4.863 


4.873 


4.884 


4.7 


4.894 


4.905 


4.915 


4.925 


4.936 


4.946 


4.957 


4.967 


4.978 


4.988 


4.8 


4.998 


5.009 


5.019 


5.030 


5.040 


5.050 


6.061 


6.071 


5.082 


6.092 


4.9 


5.102 


5.113 


5.123 


5.134 


5.144 


6.155 


5.165 


6.175 


5.186 


5.196 
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Discharge in second-feet per square mile into run-off in depth in inches per monHh of 28 

<iay«— Continued. 



No. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


5.0 


5.207 


5.217 


5.227 


5.238 


5.248 


5.259 


5.269 


5.279 


5.290 


5.300 


5.1 


5.311 


5.321 


5.332 


5.342 


5.352 


5.363 


5.373 


5.384 


5.394 


5.404 


5.2 


5.415 


5.425 


5.436 


5.446 


5.457 


5.467 


5.477 


5.488 


5.498 


5.509 


5.3 


5.519 


5.529 


5.540 


5.550 


5.561 


5.571 


5.581 


5.592 


5.602 


5.613 


5.4 


5.623 


5.634 


5.644 


5.654 


5.665 


5. 675 


5.686 


5.696 


5.706 


5.717 


5.5 


5.727 


5.738 


5.748 


5.758 


5.769 


5.779 


5.70b 


5.800 


5.811 


5.821 


5.6 


5.831 


5.842 


5.852 


5.863 


5.873 


5.883 


5.894 


5.904 


5.915 


5.925 


5.7 


5.936 


5.946 


5.956 


5.967 


5.977 


5.988 


5.998 


6.008 


6.019 


6.029 


5.8 


6.040 


6.050 


6.060 


6.071 


6.081 


6.092 


6.102 


6.113 


6.123 


6.133 


5.9 


6.144 


6.154 


6.165 


6.175 


6.185 


6.196 


6.206 


6.217 


6.227 


6.238 


6.0 


6.248 


6.258 


6.269 


6.279 


6.290 


6.300 


6.310 


6.321 


6.331 


6.342 


6.1 


6.352 


6.362 


6.373 


6.383 


6.394 


6.404 


6.415 


6.425 


6.435 


6.446 


6.2 


ft 456 


6.467 


6.477 


6.487 


6.498 


6.508 


6.519 


6.529 


6.539 


6.550 


6.3 


6.560 


6.571 


6.581 


6.592 


6.602 


6.612 


6.623 


6.633 


6.644 


6.654 


6.4 


6.664 


6.675 


6.685 


6.696 


*6.706 


6.717 


6.727 


6^737 


6.748 


6.758 


6.5 


6.769 


6.779 


6.789 


6.800 


6.810 


6.821 


6.831 


6.841 


6.852 


6.862 


6.6 


6.873 


6.883 


6.894 


6.904 


6.914 


6.925 


6.935 


6.946 


6.956 


6.966 


6,7 


6.977 


6.987 


6.998 


7.008 


7.018 


7.029 


7.039 


7.050 


7.060 


7.071 


6.8 


7.081 


7.091 


7.102 


7.112 


7.123 


7.133 


7.143 


7.154 


7.164 


7.175 


6.9 


7.185 


7.196 


7,206 


7.216 


7.227 


7.237 


7.248 


7.258 


7.268 


7.279 


7.0 


7.289 


7.300 


7.310 


7.320 


7.331 


7.341 


7.362 


7.362 


7.373 


7.383 


7.1 


7.393 


7.404 


7.414 


7.425 


7.435 


7.445 


7.456 


7.466 


7.477 


7.487 


7.2 


7.498 


7.508 


7.518 


7.529 


7.539 


7.550 


7.560 


7.570 


7.581 


7.591 


7.3 


7.602 


7.612 


7.622 


7.633 


7.643 


7.654 


7.664 


7.675 


7.685 


7.695 


7.4 


7.706 


7.716 


7.727 


7.737 


7.747 


7.758 


7.768 


7.779 


7. 789 


7.799 


7.5 


7.810 


7.820 


7.831 


7.841 


7.852 


7.862 


7.872 


7.883 


7. 893 


7.904 


7.6 


7.914 


7.924 


7.935 


7.945 


7.956 


7.966 


7.977 


7.987 


7.997 


8.008 


7.7 


8.018 


8.029 


8.039 


8.049 


8.060 


8.070 


8.081 


8.091 


8.101 


8.112 


7.8 


8.122 


8.133 


8.143 


8.154 


8.164 


8.174 


8.185 


8.195 


8.206 


8.216 


7.9 


8.226 


8.237 


8.247 


8.258 


8.268 


8.278 


8. 289' 


8.299 


8.310 


8.320 


8.0 


8.331 


8.341 


8.351 


8.362 


8.372 


8.383 


8.393 


8.403 


8.414 


8.424 


8.1 


8.435 


8.445 


8.456 


8.466 


8.476 


8.487 


8.497 


8.508 


8.518 


8.528 


8.2 


8.539 


8.549 


8.560 


8.570 


8.580 


8.591 


8.601 


8.612 


8.622 


8.633 


8.3 


8.643 


8.653 


8.664 


8.674 


8.685 


8.695 


8.705 


8.716 


8.726 


8.737 


8.4 


8.747 


8.758 


8.768 


8.778 


8.789 


8.799 


8.810 


8.820 


8.830 


8.841 


8.5 


8.851 


8.862 


8.872 


8.882 


8.893 


8.903 


8.914 


8.924 


8.935 


8.945 


8.6 


8.955 


8.966 


8.976 


8.987 


8.997 


9.007 


9.018 


9.028 


9.039 


9.049 


8.7 


9.059 


9.070 


9.080 


9.091 


9.101 


9.112 


9.122 


9.132 


9.143 


9.153 


8.8 


9.164 


9.174 


9.184 


9.195 


9.205 


9.216 


9.226 


9.237 


9.247 


9.257 


8.9 


9.268 


9.278 


9.289 


9.299 


9.309 


9.320 


9.330 


9.341 


9.351 


9.361 


0.0 


9.372 


9.382 


9.393 


9.403 


9.414 


9.424 


9.431 


9.445 


9.455 


9.466 


9.1 


9.476 


9.486 


9.497 


9.507 


9.518 


9.528 


9.538 


9.549 


9.559 


9.570 


9.2 


9.580 


9.591 


9.601 


9.611 


9.622 


9.632 


9.643 


9.653 


9.663 


9.674 


9.3 


9.684 


9.695 


9.705 


9.716 


9.726 


9.736 


9.747 


9.757 


9.768 


9.778 


9.4 


9.788 


9.799 


9.809 


9.820 


9.830 


9.840 


9.851 


9.861 


9.872 


9.882 


9.5 


9.893 


9.903 


9.913 


9.924 


9.934 


9.945 


9.955 


9: 965 


9.976 


9.986 


9.6 


9.997 


10.007 


10. 017 


10.028 


10. 038 


10.049 


10. 059 


10. 070 


10. 080 


10. 090 


9.7 


10. 101 


10. Ill 


10. 122 


10.132 


10. 142 


10. 153 


10. 163 


10. 174 . 


10. 184 


10: 195 


9.8 


10. 205 


10. 215 


10. 226 


10.236 


10.247 


10. 257 


10. 267 


10. 278 


10. 288 


10. 299 


9.9 


10.309 


10. 319 


10.330 


10.340 


10. 351 


10. 361 


10. 372 


10. 382 


10. 392 


10. 403 



74351°— 19— wsp 425- 



Digitized by 



Google 



78 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1917. 
Discharge in second-feet per square mUe into run-off in depth in inches per month of 29 day$. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 





ao 


0.000 


0.011 


0.022 


0.032 


0.043 


0.054 


0.065 


0.075 


0.086 


0.097 


.1 


.108 


.119 


.129 


.140 


.151 


.162 


.173 


.183 


.194 


.205 


.2 


.216 


.226 


.237 


.248 


,259 


.270 


.280 


.291 


.302 


' .313 


.3 


.324 


.334 


.345 


.356 


.367 


.377 


.388 


.399 


.410 


.421 


.4 


.431 


.442 


.453 


.464 


.475 


.485 


.496 


.507 


.518 


.528 


.5 


.539 


.550 


.561 


.572 


.582 


.593 


.604 


.615 


.626 


.636 


.6 


.647 


.658 


.669 


.679 


.690 


.701 


.712 


.723 


.733 


.744 


.7 


.755 


.766 


.777 


.787 


.798 


.809 


.820 


.830 


.841 


.852 


.8 


.863 


.874 


.884 


.895 


.906 


.917 


.928 


.938 


.949 


.960 


.9 


.971 


.981 


.992 


1.003 


1.014 


1.025 


1.036 


1.046 


1.057 


1.068 


10 


1.079 


1.089 


1.100 


1.111 


1.122 


1.132 


1. 143 


1.154 


1.165 


1.176 


1.1 


1.186 


1.197 


1.208 


1.219 


1.230 


1.240 


1.251 


1.262 


1.273 


1.283 


1.2 


1.294 


1.305 


1.316 


1.327 


1.337 


1.348 


1.359 


1.370 


1.380 


1.391 


1.3 


1.402 


1.413 


1.424 


1.434 


1.445 


1.456 


1.467 


1.478 


1.488 


1.499 


1.4 


1.510 


1.521 


1.531 


1.542 


1.553 


1^564 


1.575 


1.585 


1.596 


1.607 


1.5 


1.618 


1.629 


1.639 


1.650 


1.661 


1.672 


1.682 


1.69a 


1.704 


1.715 


1.6 


1.726 


1.736 


1.747 


1.758 


1.769 


1.780 


1.790 


1.801 


1.812 


1. 823 


1.7 


1.833 


1.844 


1.855 


1.866 


1.877 


1.887 


1.898 


1.909 


1.920 


1.931 


1.8 


1.941 


1.952 


1.963 


1.974 


1.984 


1.995 


2.006 


2.017 


2.028 


2.038 


1.9 


2.049 


2.060 


2.071 


2.082 


2.092 


2.103 


2.114 


2. 125 


2.135 


2.146 


2.0 


2.157 


2.168 


2.179 


2.189 


2.200 


2.211 


2.222 


2.233 


2.243 


2.254 


2.1 


2.265 


2.276 


2.286 


2.297 


2.308 


2.319 


2.330 


2.340 


2.351 


2.362 


2.2 


2.373 


2.384 


2.394 


2.405 


2.416 


2.427 


2.437 


2.448 


2.459 


2.470 


2.3 


2.481 


2.491 


2.502 


2.513 


2.524 


2.534 


2.545 


2.556 


2.567 


2.578 


2.4 


2.588 


2.599 


2.610 


2.621 


2.632 


2.642 


2.653 


2.664 


2.675 


2.685 


2.5 


2.696 


2.707 


2.718 


2.729 


2.739 


2.750 


2.761 


2.772 


2.783 


2.793 


2.6 


2.804 


2.815 


2.826 


2.836 


2.847 


2.858 


2.869 


2.880 


2.890 


2.901 


2.7 


2.912 


2.923 


2.934 


2.944 


2.955 


2.966 


2.977 


2.987 


2.998 


a 009 


2.8 


3.020 


a 031 


a 041 


a 052 


a 063 


a 074 


a 085 


a 095 


a 106 


a 117 


2.9 


3.128 


a 138 


a 149 


a 160 


a 171 


a 182 


a 192 


a 203 


a 214 


a 225 


3.0 


a 236 


a 246 


a 257 


a 268 


a 279 


a 289 


a 300 


a 311 


a 322 


asas 


8.1 


3.343 


a 354 


a 365 


a 376 


a 387 


a 397 


a 408 


a 419 


a 430 


a 440 


3.2 


a 451 


a 462 


a 473 


a 484 


a 494 


a 505 


a 516 


a 527 


a 538 


a 548 


3.3 


a 559 


a 570 


a 581 


a 591 


a 602 


a 613 


a 624 


a 635 


a 645 


a 656 


3.4 


a 667 


a 678 


a 689 


a 699 


a 710 


a 721 


a 732 


a 742 


a 753 


a 764 


3.5 


a 775 


a 786 


a 796 


a 807 


a 818 


a 829 


a 839 


a 850 


a 861 


a 872 


3.6 


a 883 


a 893 


a 904 


a 915 


a 926 


a 937 


a 947 


a 958 


a 969 


a 980 


a7 


a 990 


4.001 


4.012 


4.023 


4.034 


4.044 


4.055 


4.066 


4.077 


4.088 


3.8 


4.098 


4.109 


4.120 


4.131 


4.141 


4.152 


4.163 


4. 174 


4.185 


4.195 


3.9 


4.206 


4.217 


4.228 


4.239 


4.249 


4.260 


4.271 


4.282 


4.292 


4.303 


4.0 


4.314 


4.325 


4.336 


4.346 


4.357 


4.368 


4.379 


4.390 


4.400 


4.411 


4.1 


4.422 


4.433 


4.443 


4.454 


4.465 


4.476 


4.487 


4.497 


4.508 


4.519 


4.2 


4.530 


4.541 


4.551 


4.562 


4.573 


4.584 


4.594 


4.605 


4.616 


4.627 


4.3 


4.638 


4.648 


4.659 


4.670 


4.681 


4.692 


4.702 


4. 713 


4.724 


4.735 


4.4 


4.745 


4.756 


4.767 


4.778 


4.789 


4.799 


4.810 


4.821 


4.832 


4.843 


4.5 


4.853 


4.864 


4.875 


4.886 


4.896 


4.907 


4.918 


4.929 


4.940 


4.950 


4.6 


4.961 


4.972 


'4.983 


4.994 


5.004 


5.015 


5.026 


5.037 


5.047 


5.058 


4.7 


5.069 


5.080 


5.091 


5.101 


5.112 


5.123 


5.134 


5.144 


5.165 


6.166 


4.8' 


5.177 


5.188 


5.198 


5.209 


5.220 


5.231 


5.242 


5.252 


5.263 


5.274 


4.9 


5.285 


5.295 


5.306 


5.317 


5.328 


5.339 


5.349 


5.360 


5.371 


5.382 
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JHscharge in second-feet per square mxU into rwn^ff in depth in inches per month of 29 

days — Gontinuea. 



No. 


• 


1 


2 


3 


4 


5 


6 


7 . 


8 


• 


5.0 


5.393 


5.403 


5.414 


5.425 


5.436 


5.446 


5.457 


5.468 


5.479 


5.490 


5.1 


5.500 


5.511 


5.522 


5.533 


5.544 


5.554 


5.565 


5.576 


5.587 


5.597 


5.2 


5.608 


5.619 


5.630 


5.641 


5.651 


5.662 


5.673 


5.684 


5.695 


5.705 


5.3 


5.716 


5.727 


5.738 


5.748 


5.759 


5.770 


5.781 


5.792 


6.802 


5.813 


5.4 


5.824 


5.835 


5.846 


5.856 


5.867 


5.878 


5.889 


5.899 


5.910 


6.921 


5.5 


5.932 


6.943 


5.953 


5.964 


6.975 


5.986 


5.997 


6.007 


6.018 


6.029 


5.6 


6.040 


6.050 


6.061 


6.072 


6.083 


6.094 


6.104 


6.115 


6.126 


6.137 


5.7 


6.148 


6.158 


6.169 


6.180 


6.191 


6.201 


6.212 


6.223 


6.234 


6.245 


5.8 


6.255 


6.266 


6.277 


6.288 


6.298 


6.309 


6.320 


6.331 


6.342 


6.352 


5.9 


6.363 


6.374 


6.385 


6.396 


6.406 


6.417 


6.428 


6.439 


6.449 


6.460 


6.0 


6.471 


6.482 


6.493 


6.503 


6.514 


6.525 


6.536 


6.547 


6.557 


6.568 


6.1 


6.579 


6.590 


6.600 


6.611 


6.622 


6.638 


6.644 


6.654 


6.665 


6.676 


6.2 


6.687 


6.698 


6.708 


6.719 


6.730 


6.741 


6.751 


6.762 


6.773 


6.784 


6.3 


6.795 


6.805 


6.816 


6.827 


6.838 


6.849 


6.859 


6.870 


6.881 


6.892 


6.4 


6.902 


6.913 


6.924 


6.935 


6.946 


6.956 


6.967 


6.978 


6.989 


7.000 


6.5 


7.010 


7.021 


7.032 


7.043 


7.053 


7.064 


7.076 


7.086 


7.097 


7.107 


6.6 


7.118 


7.129 


7.140 


7.151 


7.161 


7. 172 


7.183 


7.194 


7.204 


7.215 


6.7 


7.226 


7.237 


7.248 


7.258 


7.269 


7.280 


7.291 


7.302 


7.312 


7.323 


6.8 


7.334 


7.345 


7.355 


7.366 


7.377 


7.388 


7.^99 


7.409 


7.420 


7.431 


.6.9 


7.442 


7.453 


7.463 


7.474 


7.485 


7.496 


7.506 


7.517 


7.528 


7.539 


7.0 


7.550 


7.560 


7.571 


7.582 


7.593 


7.603 


7.614 


7.625 


7.636 


7.647 


7.1 


7.657 


7.668 


7.679 


7.690 


7.701 


7.711 


7.722 


7.733 


7.744 


7.754 


7.2 


7.765 


7.776 


7.787 


7.798 


7.808 


7.819 


7.830 


7.841 


7.852 


7.862 


7.3 


7.873 


7.884 


7.895 


7.905 


7.916 


7.927 


7.938 


7.949 


7.959 


7.970 


7.4 


7.981 


7.992 


8.003 


8.013 


8.024 


8.035 


8.046 


8.056 


8.067 


8.078 


7.5 


8.089 


8.100 


8.110 


8.121 


8.m 


8.143 


8.154 


8.164 


8.175 


8.186 


7.6 


8.197 


8.207 


8.218 


8.220, 


8.240 


8.251 


8.261 


8.272 


8.283 


8.294 


7.7 


8.305 


8.315 


8.326 


8.337 


8.348 


8.358 


8.369 


8.380 


8.391 


8.402 


7.8' 


8.412 


8.423 


8.434 


8.445 


8.456 


8.466 


8.477 


8.488 


8.499 


8.509 


7.9 


8.520 


8.531 


.8.542 


8.553 


8.563 


8.574 


8.585 


8.596 


8.607 


8.617 


8.0 


8.628 


8.639 


8.650 


8.660 


8.671 


8.682 


8.693 


8.704 


8.714 


8.725 


8.1 


8.736 


8.747 


8.758 


8.768 


8.779 


8.790 


8.801 


8.811 


8.822 


8.833 


8.2 


8.844 


8.855 


8.865 


8.876 


8.887 


8.898 


8.908 


8.919 


8.930 


8.941 


8.3 


8.952 


8.962 


8.973 


8.984 


8.995 


9.006 


9.016 


9.027 


9.038 


9.049 


8.4 


9.059 


9.070 


9.081 


9.092 


9.103 


9.113 


9.124 


9. 135 


9.146 


9.157 


8.5 


9.167 


9.178 


9. 189 


9.200 


9.210 


9.221 


9.232 


9.243 


9.254 


9.264 


8.6 


9.275 


9.286 


9.297 


9.308 


9.318 


9.329 


9.340 


9.351 


9.361 


9.372 


8.7 


9.383 


9.394 


9.405 


9.415 


9.426 


9.437 


9.448 


9.459 


9.469 


9.480 


8.8 


9.491 


9.502 


9.512 


9.523 


9.534 


9.545 


9.556 


9.566 


9.577 


9.588 


8.9 


9.599 


9.610 


9.620 


9.631 


9.642 


9.653 


9.663 


9.674 


9.685 


9.696 


9.0 


9.707 


9.717 


9.728 


9.739 


9.750 


9.761 


9.771 


9.782 


9.793 


9.804 


9.1 


9.814 


9.885 


9.836 


9.847 


9.858 


9.868 


9.879 


9.890 


9.'901 


9.912 


9.2 


9.922 


9.933 


9.944 


9.955 


9.965 


9.976 


9.987 


9.998 


10.009 


10.019 


9.3 


10.030 


10.041 


10.052 


10.062 


10.073 


10.084 


10.095 


10.106 


10. 116 


10. 127 


9.4 


10. 138 


10. 149 


10.160 


10. 170 


10. 181 


10. 192 


10.203 


10.213 


10.224 


10.235 


9.5 


10.246 


10.257 


10.267 


10. 278 


10.289 


10.300 


10.311 


10.321 


10.332 


10.343 


9.6 


10.354 


10.364 


10.375 


10.386 


10.397 


10.408 


10.418 


10.420 


10.440 


10.451 


9.7 


10.462 


10.472 


10.483 


10.494 


10.505 


10.516 


10.526 


10.537 


10.548 


10.559 


9.8 


10.569 


10.580 


10.591 


10.602 


10.613 


10. 623 


10. 634 


10.645 


10. 656 


10.666 


9.9 


10.677 


10.688 


10.699 


10.710 


10.720 


10.731 


10. 742 


10.753 


10.764 


10.774 
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Discharge in second-feet per square mile twfo runroffin depth in inches per monffi of SO days. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 





0.0 


0.000 


0.011 


0.022 


0.033 


0.045 


0.056 


0.067 


0.078 


0.089 


O.IOO 


.1 


,112 


.123 


.134 


.145 


.156 


.167 


.179 


.190 


.201 


.212 


.2 


.223 


.234 


.245 


.257 


.268 


.279 


.290 


.301 


.312 


.324 


.3 


.335 


.346 


.357 


.368 


.379 


.390 


.402 


.413 


.424 


.435 


.4 


.446 


.457 


.469 


.480 


.491 


.502 


.513 


.524 


.536 


.547 


.6 


.558 


.569 


.580 


.591 


.602 


.614 


.625 


.636 


.647 


.658 


.6 


.669 


.681 


.692 


.703 


.714 


.725 


.736 


.748 


.759 


.770 


.7 


.781 


.792 


.803 


.814 


.826 


.837 


.848 


.859 


.870 


.881 


.8 


.893 


.904 


.915 


.926 


.937 


.948 


.960 


.971 


.982 


• .993 


.9 


1.004 


1.015 


1.026 


1.038 


1.049 


1.060 


1.071 


1.082 


1.093 


1.105 


1.0 


1.116 


1.127 


1.138 


1.149 


1.160 


1.171 


1.183 


1.194 


1.205 


1.216 


1.1 


1.227 


1.238 


1.250 


1.261 


1.272 


1.283 


1.294 


1.305 


1.317 


1.328 


1.2 


1.339 


1.350 


1.361 


1.372 


1.383 


1.395 


1.406 


1.417 


1.428 


1.439 


1.3 


1.450 


1.462 


1.473 


1.484 


1.495 


1.506 


1.517 


1.529 


1.540 


1.551 


1.4 


1.562 


1.573 


1.584 


1.595 


1.607 


1.618 


1.629 


1.640 


1.651 


1.662 


1.5 


1.674 


1.685 


1.696 


1.707 


1.718 


1.729 


1.740 


1.752 


1.763 


1.774 


1.6 


1.785 


1.796 


1.807 


1.819 


1.830 


1.841 


1.852 


1.863 


1.874 


1.886 


1.7 


1.897 


1.908 


1.919 


1.930 


1.941 


1.952 


1.964 


1.97$ 


1.986 


1.997 


1.8 


2.008 


2.019 


2.031 


2.042 


2.053 


2.064 


2.075 


2.086 


2.098 


2.109 


1.9 


2.120 


2.131 


2.142 


2.153 


2.164 


2.176 


2.187 


2.198 


2.209 


2.220 


2.0 


2.231 


2.243 


2.354 


2.265 


2.276 


2.287 


2.298 


2.309 


2.321 


2.332 


2.1 


2.343 


2.354 


2.365 


2.376 


2.388 


2.399 


2.410 


2.421 


2.432 


2.443 


2.2 


2.455 


2.466 


2.477 


2.488 


2.499 


2.510 


2.521 


2.533 


2.544 


2.555 


2.3 


2.566 


2.577 


2.588 


2.600 


2.611 


2.622 


2.633 


2.644 


2.655 


2.667 


2.4 


2.678 


2.689 


2.700 


2.711 


2.722 


2.733 


2.745 


2.756 


2.767 


2.778 


2.5 


2.789 


2.800 


2.812 


2.823 


2.834 


2.845 


2.856 


2.867 


2.879 


2.890 


2.6 


2.901 


2.912 


2.923 


2.934 


2.945 


2.957 


2.968 


2.979 


2.990 


3.001 


2.7 


3.012 


3.024 


3.035 


3.046 


3.057 


3.068 


3.079 


3.090 


3.102 


3.113 


2.8 


3.124 


3.135 


3.146 


3.157 


3.169 


3.180 


3.191 


3.202 


3.213 


3.224 


2.9 


3.236 


3.247 


3.258 


3.269 


3.280 


3.291 


3.302 


3.314 


3.325 


3.336 


3.0 


3.347 


3.358 


3.369 


3.381 


3.392 


3.403 


3.414 


3.425 


3.436 


3.448 


3.1 


3.459 


3.470 


3.481 


3.492 


3.503 


3.514 


3.526 


3.537 


3.548 


3.559 


3.2 


3.570 


3.581 


3.593 


3.604 


3.615 


3.626 


3.637 


3.648 


3.659 


3.671 


3.3 


3.682 


3.693 


3.704 


3.715 


3.726 


3.738 


3.749 


3.760 


3.771 


3.782 


3.4 


3.793 


3.805 


3.816 


3.827 


3.838 


3.849 


3.860 


3.871 


3.883 


3.894 


3.5 


3.905 


3.916 


3.927 


3.938 


3.950 


3.961 


3.972 


3.983 


3.994 


4.005 


3.6 


4.017 


4.028 


4.039 


4.050 


4.061 


4.072 


4.083 


4.095 


4.106 


4.117 


3.7 


4.128 


4.139 


4.150 


4.162 


4.173 


4.184 


4.195 


4.206 


4.217 


4.229 


3.8 


4.240 


4.251 


4.262 


4.273 


4.284 


4.295 


4.307 


4.318 


4.329 


4.340 


3.9 


4.351 


4.362 


4.374 


4.385 


4.396 


4.407 


4.418 


4.429 


4.440 


4.452 


4.0 


4.463 


4.474 


4.486 


4.496 


4.507 


4.519 


4.530 


4.541 


4.552 


4.563 


4.1 


4.574 


4.586 


4.597 


4.608 


4.619 


4.630 


4.641 


4.652 


4.664 


4.675 


4.2 


4.686 


4.697 


4.708 


4.719 


4.731 


4.742 


4.753 


4.764 


4.775 


4.786 


4.3 


4.798 


4.809 


4.820 


4.831 


4.842 


4.853 


4.864 


4.876 


4.887 


4.898 


4.4 


4.909 


4.920 


4.931 


4.943 


4.954 


4.965 


4.976 


4.987 


4.998 


5.009 


4.5 


5.021 


5.032 


5.043 


5.054 


5.065 


5.076 


5.088 


5.099 


5.110 


5.121 


4.6 


5.132 


5.143 


5.155 


5.166 


5.177 


5.188 


5.199 


5.210 


5.221 


5.233 


4.7 


5.244 


5.255 


5.266 


5.277 


5.288 


5.300 


5.311 


5.322 


5.333 


5.344 


4.8 


5.355 


5.367 


5.378 


5.389 


5.400 


5.411 


5.422 


5. 433* 


5.445 


5.456 


4.9 


5.467 


5.478 


5.489 


5.500 


5.512 


5.523 


5.534 


5.545 


5.556 


5.567 
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No. 





1 


2 


3 


i 


5 


6 


7 


8 


9 


5.0 


5.579 


5.590 


5.601 


5.612 


5.623 


5.634 


5.645 


5.657 


5.668 


5.679 


5.1 


5.-690 


5.701 


5.712 


5.724 


5.735 


5.746 


5.757 


5.768 


5.779 


5.790 


5.2 


5.802 


5.813 


5.824 


5.835 


5.846 


5.857 


5.869 


5.880 


5.891 


5.902 


5.3 


5.913 


5.924 


5.936 


6.947 


5.958 


&969 


5.980 


5.991 


6.002 


a 014 


5.4 


6.025 


6.036 


6.047 


6.058 


6.069 


6.081 


6.092 


6.103 


6.114 


a 125 


5.5 


6.136 


6.148 


6.159 


6.170 


6.181 


6.192 


6.203 


6.214 


6.226 


a 237 


5.6 


6.248 


6.259 


6.*270 


6.281 


6.293 


6.304 


6.315 


6.326 


a 337 


a 348 


5.7 


6.359 


6.371 


6.382 


6.393 


6.404 


6.415 


6.426 


6.438 


a 449 


a 460 


5.8 


6.471 


6.482 


6.493 


6.505 


6.516 


6.527 


6.538 


6.549 


a 560 


a 571 


5.9 


6.583 


6.594 


6.605 


6.616 


6.627 


6.638 


6.650 


6.661 


a 672 


a 683 


6.0 


6.694 


6.705- 


6. 717 


6.728 


6.739 


6.750 


6,761 


6.772 


a 783 


a 796 


6.1 


6.806 


6.817 


6.828 


6.839 


6.850 


6.862 


6.873 


6.884 


a 895 


a 906 


6.2 


6.917 


6.928 


6.940 


6.951 


6.962 


6.973 


6.984 


6.995 


7.007 


7.018 


6.3 


7.029 


7.040 


7.051 


7.062 


7.074 


7.085 


7.096 


7.107 


7.118 


7.129 


6.4 


7.140 


7.152 


7.163 


7.174 


7.185 


7.196 


7.207 


7.219 


7.230 


7.241 


6.5 


7.252 


7.263 


7.274 


7.286 


7.297 


7.308 


7.319 


7.330 


7.341 


7.352 


as 


7.364 


7.375 


7.386 


7.397 


7.408 


7.419 


7.431 


7.442 


7.453 


7.464 


6.7 


7.475 


7.486 


7.498 


7.509 


7.520 


7.531 


7.542 


7.553 


7.564 


7.576 


6.8 


7.587 


7.598 


7.609 


7.620 


7.631 


7.643 


7.654 


7.666 


7.676 


7.687 


6.9 


7.698 


7.709 


7.721 


7.732 


7.74? 


7.754 


7.765 


7.776 


7.788 


7.799 


7.0 


7.810 


7.821 


7.832 


7.843 


7.85'6 


7.866 


7.877 


7.888 


7.899 


7.910 


7.1 


7.921 


7.933 


7.944 


7.955 


7.966 


7.977 


7.988 


a 000 


a Oil 


a 022 


7.2 


8.033 


8.044 


8.055 


8.067 


8.078 


a 089 


a 100 


am 


a 122 


a 133 


7.3 


8.145 


8.156 


8.167 


-8.178 


8.189 


a 200 


a 212 


a 223 


a 234 


a 245 


7.4 


&256 


8.267 


&278 


8.290 


8.301 


a 312 


a 323 


a 334 


a 345 


a 357 


7.5 


8.368 


a 379 


8.390 


8.401 


a 412 


a 424 


a 435 


a446 


a 457 


a 468 


7.6 


8.479 


8.490 


8.502 


8.513 


a 524 


a 535 


a 546 


a 557 


a 569 


a 580 


7.7 


8.591 


8.602 


8.613 


8.624 


a 636 


a 647 


a 658 


a 669 


a 680 


a 691 


7.8 


8.702 


8.714 


8.725 


8.736 


a 747 


a 758 


a 769 


a 781 


a 792 


a 803 


7.9 


8.814 


a 825 


8.836 


8.848 


a 859 


a 870 


a 881 


a 892 


a9o§ 


a 914 


8.0 


8.926 


8.937 


8.948 


8.959 


a 970 


a 981 


a 993 


9.004 


9.015 


9.026 


8.1 


9.037 


9.048 


9.059 


9.071 


9.082 


9.093 


9.104 


9.115 


9.126 


9.138 


8.2 


9.149 


9.160 


9.171 


9.182 


9.193 


9.205 


9.216 


9.227 


9.238 


9.249 


8.3 


9.260 


9.271 


9.283 


9.294 


9.305 


9.316 


9.327 


9.338 


9.350 


9.361 


8.4 


9.372 


9.383 


9.394 


9.405 


9.417 


9.428 


9.439 


9.450 


9.461 


9.472 


8.5 


9.483 


9.495 


9.506 


9.517 


9.528 


9.539 


9.550 


9.562 


9.573 


9.584 


8.6 


9.595 


9.606 


9.617 


9.628 


9.640 


9.651 


9.662 


9.673 


9.684 


9.695 


8.7 


9.707 


9.718 


9.729 


9.740 


9.751 


9.762 


9.774 


9.785 


9.796 


9.807 


8.8 


9.818 


9.829 


9.840 


9.852 


9.863 


9.874 


9.885 


9.896 


9.907 


9.919 


&9 


9.930 


9.941 


9.952 


9.963 


9.974 


9.986 


9.997 


10.008 


10.019 


10.030 


9.0 


10.041 


10. 052 


10.064 


10. 075 


10.086 


10.097 


10. 108 


10.119 


10. 131 


10.142 


9.1 


10. 153 


10.164 


10. 175 


10. 186 


10. 197 


10.209 


10. 220 


10. 231 


10.242 


10. 253 


9.2 


L0.264 


10. 276 


10. 287 


10. 298 


10.309 


10. 320 


10. 331 


10.343 


10.354 


10. 365 


9.3 


10. 376 


10.387 


10. 398 


10.409 


10.421 


10. 432 


10.443 


10.454 


10.46» 


10.476 


9.4 


10.488 


10. 499 


10. 510 


10. 521 


10.532 


10.543 


10. 555 


10.566 


10. 577 


10. 588 


9.5 


10. 599 


10. 610 


10. 621 


10. 633 


10.644 


10. 655 


10. 666 


10. 677 


10.688 


10.700 


9.6 


10. 711 


10. 722 


10.733 


10.744 


10. 755 


10. 767 


10. 778 


10. 789 


10.800 


10. 811 


9.7 


10.822 


10.833 


10.845 


10.856 


10. 867 


10. 878 


10. 889 


10.900 


10. 912 


10. 923 


9.8 


10.934 


10.945 


10. 956 


10.967 


10. 978 


10.990 


n.ooi 


11. 012 


11. 023 


n.034 


9.9 


LL045 


U.057 


1L068 


IL 079 


n.090 


11. 101 


11. 112 


11. 124 


n.l36 


n.i46 
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No. 





1 


2 


8 


4 


5 


< 


7 


8 


9 


0.0 


0.000 


0.012 


0.023 


0.035 


0.046 


0.068 


0.069 


0.081 


0.092 


0.104 


.1 


.115 


.127 


.138 


.150 


.161 


.173 


.184 


.196 


.208 


.219 


.2 


.231 


.242 


.254 


.265 


.277 


.288 


.300 


.311 


.323 


.334 


.3 


.346 


.357 


.369 


.380 


.392 


.404 


.416 


.427 


.438 


.450 


.4 


.461 


.473 


.484 


.496 


.607 


.619 


.530 


.642 


.663 


.565 


.6 


.576 


.588 


.600 


.611 


.623 


.634 


.646 


.667 


.669 


.680 


.6 


.692 


.703 


.715 


.726 


.738 


.749 


.7(Sl 


.772 


.784 


.795 


.7 


.807 


.819 


.830 


.842 


.853 


.866 


.876 


.888 


.899 


.911 


.8 


.922 


.934 


.945 


.957 


.968 


.980 


.991 


1.003 


1.016 


1.026 


.9 


1.038 


1.049 


1.061 


1.072 


1.084 


1.095 


1.107 


1.118 


1.130 


1.141 


1.0 


1.153 


1.164 


1.176 


1.187 


1.199 


1.211 


1.222 


1.234 


1.245 


1.257 


1.1 


1.268 


1.280 


1.291 


1.303 


1.314 


1.326 


1.337 


1.349 


1.360 


1.372 


1.2 


1.383 


1.395 


1.407 


1.418 


1.430 


1.441 


1.453 


1.464 


1.476 


1.487 


1.3 


1.499 


1. 510 


1.522 


1.533 


1.546 


1.556 


1.568 


1.579 


1.691 


1.603 


1.4 


1.614 


1.626 


1.637 


1.649 


1.660 


1.672 


1.683 


1.696 


1.706 


1.718 


1.5 


1.729 


1. 741 


1.752 


1.764 


1.776 


1. 78.7 


1.799 


1.810 


.1.822 


1.833 


1.6 


1.845 


1.856 


1.868 


1.879 


1.891 


1.902 


1.914 


1.925 


1.937 


1.948 


1.7 


1.960 


1.971 


1.983 


1.994 


2.006 


2.018 


2,029 


2.041 


2.052 


2.064 


1.8 


2.075 


2.087 


2.098 


2.110 


2.121 


2.133 


2.144 


2.156 


2.167 


2.179 


1.9 


2.190 


2.202 


2.214 


2.226 


2.237 


2.248 


2.260 


2.271 


2.283 


2.294 


».o 


2.306 


2.317 


2.329 


2.340 


2.362 


2.363 


2. 376 


2.386 


2.398 


2.410 


2.1 


2.421 


2.433 


2.444 


2.456 


2.467 


2.479 


2.490 


•2.502 


2.513 


2.525 


2.2 


2.536 


2.548 


2.559 


2.571 


2.682 


2.591 


2.606 


2.617 


•2.629 


2.640 


2.3 


2.652 


2.663 


2.675 


2.686 


2.698 


2. 709 


2.721 


2.732 


2.744 


2.755 


2.4 


2.767 


2.778 


2.790 


2.802 


2.813 


2.826 


2.836 


2.848 


2.859 


2.871 


2.5 


2.882 


2.894 


2.905 


2.917 


2.928 


2.940 


i.961 


2.963 


2.974 


2.986 


2.6 


2.998 


3.009 


3.021 


3.032 


3.044 


3.066 


a 067 


a 078 


a090 


a 101 


2.7 


3.113 


3.124 


3.136 


3.147 


3.159 


3.170 


a 182 


a 194 


a 205 


a 217 


2.8 


3. 228 


3.240 


3.251 


3.263 


3.274 


3.286 


a 297 


a 309 


a 320 


a 332 


2.9 


8.343 


3.355 


3.366 


3.378 


3.389 


a 401 


a 413 


a424 


a 436 


a 447 


3.0 


3.459 


3.470 


3.482 


3.493 


3.506 


3.516 


a 528 


a 639 


a 551 


3.562 


3.1 


3.574 


3.585 


3. 597 


3.609 


3.620 


a 632 


a 643 


a 656 


a 666 


a 678 


3.2 


3.689 


3.701 


3.712 


3.724 


8.736 


a 747 


a 758 


a 770 


a 781 


3.793 


3.3 


3.805 


3.816 


3.828 


3.839 


3.861 


a 862 


a 874 


a 885 


a 897 


3.908 


3.4 


3.920 


3.931 


3.943 


3.954 


3.966 


a 977 


a 989 


4.001 


4.012 


4.024 


3.5 


4.035 


4.047 


4.058 


4.070 


4.081 


4.093 


4.104 


4.116 


4.127 


4.139 


3.6 


4.150 


4.162 


4.173 


4.185 


4.197 


4.208 


4.220 


4.231 


4.243 


4.254 


3.7 


4.266 


4.277 


4.289 


4.300 


4.312 


4.323 


4.335 


4.346 


4.368 


4.369 


3.8 


4.381 


4.393 


4.404 


4.416 


4.427 


4.439 


4.450 


4.462 


4.473 


4.485 


3.9 


4.496 


4.508 


4.519 


4.531 


4.642 


4.654, 


,4.566 


4.577 


4.589 


4.600 


4.0 


4.612 


4.623 


4.635 


4.646 


4.658 


4.669 


4.681 


4.692 


4.704 


^ 4. 715 


4.1 


4.727 


4.738 


4.750 


4.761 


4.773 


4.784 


4.796 


4.808 


4.819 


4.831 


4.2 


4.842 


4.854 


4.865 


4.877 


4.888 


4.900 


4.911 


4.923 


4.934 


4.946 


4.3 


4.957 


4.969 


4.980 


4.992 


6.004 


5.015 


5.027 


6.038 


6.060 


5.061 


4.4 


5.073 


5.084 


5.096 


5.107 


6.119 


6.130 


6.142 


6.163 


5.166 


5.176 


4.5 


6.188 


5.200 


5.211 


6.223 


6.234 


6.246 


6.267 


6.269 


5.280 


5.292 


, 4.6 


5.303 


5.315 


5.326 


6.338 


6.349 


6.361 


5.372 


6.384 


5.396 


5.407 


4.7 


5.419 


5.430 


5.442 


5.453 


6.465 


6.476 


6.488 


5.499 


5.511 


5.522 


4.8 


5.534 


5.545 


5.557 


5.568 


6.580 


6.692 


6.603 


6.616 


5.626 


5.638 


4.9 


5.649 


5.661 


5.672 


5.684 


6.696 


6.707 


6.718 


6.730 


5.741 


5.753 
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No. 





1 


2 


3 


4 


5 


6 


7 


8 





5.0 


5. 764 


5.776 


6.788 


6.799 


5.811 


"6.822 


5.834 


5.846 


5.867 


6.868 


5.1 


5.880 


5.891 


5.903 


5.914 


6.926 


6.937 


5.949 


5.960 


6.972 


6.983 


5.2 


5.995 


6.t)0%'( f.018 


6.030 


6.041 


6.053 


6.064 


6.076 


6.087 


6.099 


5.3 


6.110 


6.12af< 


..6. 133 


6.145 


6.156 


6.168 


6.179 


6.191 


6.203 


6.214 


5.4 


6.226 


6. 237 re. 249 
6i3^fii.364 


6.260 


6.272 


6.283 


6.296 


6.306 


6.318 


6.329 


5.5 


6.341 


6.376. 


6.387 


6.399 


6.410 


6.422 


6.433 


6.445 


5.6 


6.456 


6M6ai 


.•.5te 


6.491 


6.502 


6.514 


6.526 


6.537 


6.648 


6.560 


5.7 


6.571 


•61^85 


6.666 


6.618 


6.629 


6.641 


6.652 


6.664 


6.675 


5.8 


6.687 


ec^n-i 


.6.710. 


6.721 


6.733 


6.744 


6.756 


6.767 


6.779 


6.791 


5.9 


6.802 


6.814 


6.8^5 


6. 837 

t 


6.848 


6.860 


6.871 


6.883 


6.894 


6.906 


6.0 


6.917 


6.»9^1 


.6.962 


6.963 


6.975 


6.987 


6.998 


7.010 


7.021 


6.1 


7.033' 


^nixmi 


j^,(m^ 


.?.067 


7.079 


7.090 


7.102 


7.113 


7.126 


7.136 


6.2 


7. 14&M 


■07y}i4 


s^^iW^ 


.7. 183 


7. 194 


7.206 


7.217 


7.229 


7.240 


7.252 


6.3 


7. 263-c 


nyS9 


35. 65^.^ 


.».298 


7.309 


7.3^1 


7.332 


7.344 


7.355 


7.367 


6.4 


7.378 


7 


7.413 


7.425 


7.436 


7.448 


7,459 


7.471 


7.482 




n 


^ ::5 


36,r^« 


pf. 528 














6.5 


7.4941gt?^0 


a»,-fit» 


7.540 


7.551 


7.663 


7.574 


7.586 


7.598 


6.6 


7.609 fctJ^5 




7.644 


7.655 


7.667 


7.678 


7.690 


7.701 


7.713 


6.7 


7.724 


mm. 


' ^^^K 


7.759 


7.770 


7.782 


7.794 


7.805 


7.817 


7.828 


6.8 


7.840 


mM 


oq'^H 


7.874 


7.886 


7.897 


7.909 


7.920 


7.932 


7.943 


6.9 


7.955 


"m^T 


7.990 


8.001 


8.013 


8.024 


8.036 


8.047 


8.059 


7.0 


8.070 


8.;K:^3 


8.105 


8.116 


8.128 


8.139 


8.151 


8.162 


8.174 


7.1 


8.186 


s.m 


4Etfz09 


8.220 


8.232 


8.243 


8.255 


8.266 


8.278 


8.289 


7.2 


8.301 


8.312- 


w324 


8.335 


8.347 


8.358 


8.370 


8.382 


8.393 


8.405 


7.3 


8.416 


8.428 


8.439 


8.451 


8.462 


8.474 


8.485 


8.497 


8.508 


8.520 


7.4 


8.531 


8.543 


8.554 


8.566 


8.578 


8.589 


8.601 


8.612 


8.624 


8.635 


7.5 


8.647 


8.658 


8.670 


8.681 


8.693 


8.704 


8.716 


8.727 


8.730 


8.750 


7.6 


8.762 


8.773 


8.785 


8.797 


8.808 


8.820 


8.831 


8.843 


8.854 


8.866 


7.7 


8.877 


8.889 


8.900 


8.912 


8.923 


8.935 


8.946 


8.958 


8.969 


8.981 


7.8 


8.993 


9.004 


9.016 


9.027 


9.039 


9.050 


9.062 


9.073 


9.085 


9.096 


7.9 


9. 108 


9.119 


9.131 


9.142 


9.154 


9, 165 


9.177 


9.189 


9.200 


9.212 


8.0 


9.223 


9.235 


9.246 


9.258 


9.269 


9.281 


9.292 


9.-304 


9.315 


9.327 


8.1 


9.338 


9.350 


9.361 


9.373 


9.385 


9.396 


9.408 


9.419 


9.431 


9.442 


8.2 


9.454 


9.465 


9.477 


9.488 


9.500 


9.511 


9.523 


9.534 


9.546 


9.557 


8.3 


9.569 


9.581 


9.592 


9.604 


9.615 


9.627 


9.638 


9.650 


9.661 


9.673 


8.4 


9.684 


9.696 


9.707 


9.719 


9.730 


9.742 
9.857 


9.753 


9.765 


9.777 


9.788 


8..5 


9.800 


9.811 


9.823 


9.834 


9.846 


9.869 


9.880 


9.892 


9.903 


8.6 


9.915 


9.926 


9.938 


9.949 


9.961 


9.972 


9.984 


9.996 


10.007 


10.019 


8.7 


10.030 


10.042 


10.053 


10.065 


10.076 


10.088 


10.099 


10. Ill 


10. 122 


10. 134 


8.8 


10.145 


10. 157 


10.168 


10.180 


10. 192 


10.203 


10.215 


10.226 


10.238 


10.249 


8.9 


10.261 


10.272 


10.284 


10.295 


10.307 


10.318 


10.330 


10.341 


10.353 


10.364 


9.0 


10.376 


10.388 


10.399 


10.411 


10.422 


10.434 


10.446 


10.457 


10.468 


10.480 


9.1 


10.491 


10.503 


10.514 


10. 526 


10.537 


10. 549 


10.560 


10.572 


10.584 


10.595 


9.2 


10.607 


10. 618 


10. 630 


10. 641 


10.653 


10.664 


10. 676 


10.687 


10. 699 


10.710 


9.3 


10. 722 


10. 733 


10. 745 


10. 756 


10.768 


10.780 


10. 791 


10.803 


10.814 


10.826 


9.4 


10.837 


10.849 


10.860 


10.872 


10.883 


10.895 


10.906 


10.918 


10.929 


10.941 


9.5 


10.952 


10.964 


10.976 


10. 987 


10.999 


11.010 


11.022 


11.033 


11.045 


11.056 


9.6 


11.068 


11.079 


11.091 


11. 102 


11. 114 


11.125 


11. 137 . 


11. 148 


11. 160 


11. 172 


9.7 


11. 183 


11. 195 


11.206 


11. 218 


11.229 


11.241 


11.252 


11.264 


11.275 


11. 287 


9.8 


11.298 


11.310 


11.321 


11.333 


11.344 


11.356 


11.367 


11.379 


11.391 


11.402 


9.9 


11.414 


11.425 


11.437 


11.448 

• 


11.460 


11.471 


11.483 


11.494 


11.506 


11.517 
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No. 





1 


2 


3 


4 


5 





7 


8 


9 





0.000 


56 


111 


722 


222 


278 


333 


389 


444 


500 


1 


555.372 


611 


666 


778 


833 


889 


944 


1,000 


1,055 


2 


1, 110. 744 


1,166 


1,222 


1,277 


1,333 


1,388 


1,444 


.1,500 


1,555 


1,611 


3 


1, 666. 116 


1,722 


1,777 


1,833 


1,888 


1,944 


1,W9 


•2,055 


2,110 


2,166 


4 


2,221.488 


2,277 


2,333 


2,388 


2,444 


2,499 


8, m 


2r610 


2,666 


2,721 


. 5 


2,776.859 


'2,832 


2,888 


2,943 


2,999 


3,066 


' •\530r3,166 


3,221 


3,277 


6 


3,332.231 


3,388 


3,443 


3,499 


3,5$4 


3,610^: »,l45|J3, 721 


•3,777 


3,832 


7 


3,887.603 


3,943 


3,999 


4,054 


4,110 


4,166 


^JS 


^4, 276 


4,332 


4,387 


8 


4,442.975 


4,499 


4,554 


4,610 


4,666 


4,721 


r4»'832 


4,887 


4,943 


9 


4,998.347 


5,054 


5,109 


5,165 


6,220 


5,296 


5,$»(i5;>387 

J « 11-''* 


6,443 


5,498 


10 


5,553.719 


5,609 


5,665 


5,720 


5,776 


5,831 


n 1' . f 1 

5,887 


5,942 


5,998 


6,054 


11 


6,109.091 


6,165 


6,220 


6,276 


6,331 


0,888 


(>.0,442(.'6;)498 


6,553 


6,609 


12 


6,664.463 


6,720 


6,776 


6,831 


6,887 


0,948 


(>.0.d^t>7,:063 


7,109 


7,164 


13 


7,219.834 


7,275 


7,331 


7,386 


7,442 


7, tgB 


: 1.337l7;609 


7,664 


7,720 


14 


7, 775. 206 


7,831 


7,886 


7,942 


7,997 


%m 


1. 453 «,:164 
1.568 1: . 


8,220 


8,275 














1 


i:6 






15 


8,330.578 


8,386 


8,442 


8,497 


8,553 


a. 


m 


1.68.18,719 

G M9?2f6 


8,775 


8,830 


16 


8,885.950 


8,941 


8,997 


9,053 


9,108 


», 


tea 


9,330 


9,386 


17 


9,441.322 


9,497 


9,552 


9,608 


9,663 




^1 1.799)0JK0 


9,886 


9,941 


18 


9, 996. 694 


10,052 


10,108 


10,163 


10, 219 


10, 9IH 


T 1. 9141|ite5 


10,441 


10, 497 


19 


10,552.066 


10,608 


10, 663 


10, 719 


10, 774 


10, 8M 


^ 1 JKL' 


10,996 


11,052 


20 


11,107.438 


11,163 


11, 219 


11,274 


11,330 


11, 38S 


11,552 


11, 607 


21 


11,662.809 


11,718 


11, 774 


11, 829 


11,885 


11^940 


li .,^Hl2, 052 


12,107 


12,163 


22 


12,218.181 


12, 274 


12, 329 


12,385 


12,440 


12, 496 


suflS 


12,607 


12, 662 


12, 718 


23 


12,773.553 


12, 829 


12,885 


12,940 


12, 996 


13,051 


jin^ 


13, 162 


13,218 


13, 273 


24 


13,328.925 


13,384 


13,440 


13,496 


13,651 


13,607 


13, 662 


13, 718 


13, 773 


13,829 


25 


13,884.297 


13,940 


13,995 


14,051 


14,106 


14, 162 


14,218 


14, 273 


14,329 


14,384 


26 


14,439.669 


14,495 


14,561 


14,606 


14, 662 


14, 717 


14, 773 


14, 828 


14,884 


14,940 


27 


14,995.041 


15,051 


15,106 


15, 162 


15, 217 


16, 273 


15,328 


15,384 


16, 439 


15, 495 


28 


15,550.413 


15,606 


15, 661 


15, 717 


15, 773 


16,828 


16,884 


15, 939 


15,995 


16,050 


29 


16,105.785 


16, 161 


16,217 


16,272 


16,328 


16,383 


16, 439 


16,495 


16,650 


16,606 


80 


16, 661. 156 


16, 717 


16, 772 


16,828 


16,883 


16,939 


16,994 


17,050 


17,105 


17, 161 


31 


17, 216. 528 


17, 272 


17,328 


17,383 


17,439 


17,494 


17,650 


17,605 


17, 661 


17, 716 


32 


17,771.900 


17, 827 


17,883 


17, 939 


17, 994 


18,050 


18, 106 


18, 161 


18, 216 


18, 272 


33 


18,327.272 


18, 383 


18,438 


18,494 


18,549 


18,605 


18,660 


18, 716 


18, 772 


18,827 


34 


18,882.644 


18,938 


18, 994 


19,049 


19, 106 


19,160 


19, 216 


19, 271 


19, 327 


19,382 


35 


19, 438. 016 


19,494 


19,549 


19,605 


19, 660 


19, 716 


19, 771 


19,827 


19,882 


19, 938 


36 


19,993.388 


20,049 


20,104 


20,160 


20, 216 


20,271 


20, 327 


20,382 


20,438 


20,493 


37 


20,548.760 


20, 604 


20,660 


20, 715 


20, 771 


20,826 


20, 882 


20, 938 


20, 993 


21,049 


38 


21, 104. 131 


21, 160 


21, 215 


21, 271 


21,326 


21, 382 


21,437 


21,493 


21,548 


21,604 


39 


21, 659. 503 


21, 715 


21, 771 


21,826 


21,882 


21, 937 


21,993 


22,048 


22,104 


22, 169 


40 


22,214.875 


22, 270 


22, 326 


22, 381 


22,437 


22, 493 


22,548 


22,604 


22, 659 


22,715 


41 


22,770.247 


22, 826 


22,881 


22, 937 


22, 992 


23,048 


23,103 


23, 159 


23,215 


23, 270 


42 


23, 325. 619 


23, 381 


23, 437 


23, 492 


23, 648 


23,603 


23, 659 


23, 714 


23, 770 


23, 825 


43 


23, 880. 991 


23, 937 


23,992 


24,048 


24, 103 


24,159 


24, 214 


24,270 


24,325 


24, 381 


44 


24,436.363 


24, 492 


24,547 


24,603 


24,659 


24, 714 


24,770 


24, 825 


24,881 


24, 936 


45 


24,991.735 


25,047 


25, 103 


25, 158 


25, 214 


25,269 


25, 325 


25, 380 


25, 436 


25, 492 


46 


25, 547. 106 


25,603 


25, 658 


25, 714 


25, 769 


25, 825 


25, 880 


25, 936 


25, 991 


26,047 


47 


26, 102. 478 


26, 158 


26, 214 


26, 269 


26, 325 


26,380 


26, 436 


26, 491 


26,547 


26,602 


48 


26,657.850 


26, 713 


26, 769 


26,824 


26,880 


26, 936 


26, 991 


27,047 


27, 102 


27,158 


49 


27, 213. 222 


27, 269 


27, 324 


27, 380 


27,435 


27, 491 


27,546 


27,602 


27,658 


27,713 
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5 



8 



50 27,768.594 
51128,323.966 
28,879.338 
29, 434 710 
29. 990. 082 

30, 545. 453 
31, 100. 825 
31, 656. 197 
32, 211. 569 
32, 766. 941 

33, 322. 313 
33, 877. 685 

34. 433. 057 
34, 988. 428 
35,54^800 

36, 099. 172 
36, 654. 544 
37, 209. 916 

37, 765. 288 

38, 320. 660 

38, 876. 032 

39, 431. 403 
39, 986. 775 

40, 542. 147 
41, 097. 519 

41, 652. 891 
42, 208. 263 
42, 76a 635 
43, 319. 007 

43, 874. 379 

44, 429. 750 

44, 985. 122 

45, 540. 494 
46,095. 866 
46,65L238 

47, 206. 610 
47, 761. 982 
48,#317. 354 
48, 872. 725 
49, 42a 097 

49, 98a 469 
50, 538. 841 
51, 094. 213 
51, 649. 585 
52, 204. 957 

52, 760. 329 
53, 315. 700 
53, 871. 072 
54, 426. 444 
54, 98L 816 



27, 824 
28,380 
28,935 
29,490 
30,046 

30,601 
31, 156 
31, 712 
32,267 
32, 822 

33, 378 
33, 933 
34,489 
35,044 
35,599 

36,155 
36,710 
37, 265 
37, 821 
38,376 

38,932 
39, 4871 ► 
40,042 
40,598 
41,153 

41,708 
42,264 
42,819 
43, 375 
43,930 

44,485 
45.041 
45,596 
46,151 
46,707 

47, 262 
47, 818 
48, 373 
48, 928 
49,484 

50,039 
50,594 
51, 150 
51, 705 
52, 260 

52, 816 

53, 371 
53, 927 
54, 482 
55, 037 



27,880 27,935 
28,435 28,491 
28,990, 29,046 
29,546 29,601 
30.101 30,157 



30,657 
31, 212 



30,712 
31, 267 



31,767i 31,823 
32,323 32,378 
32,878 32,934 



33,433 
33, 989 
34,544 
35,100 
35,655 

36,210 

36, 766 

37, 321 
37, 876 
38,432 

38,987 
39, 542 
40, 098 
40,653 
41,209 

41, 764 
42,319 
42,875 
43,430 
43, 985 

44,541 
45,096 
45,652 
46,207 
46,762 

47, 318 
47, 873 
48,428 
48,984 
49,539 

50,095 
50,650 
51, 205 
51, 761 
52, 316 

52, 871 
53,427 
53, 982 
54,538 
55,093 



33,489 
34,044 
34,600 
35,155 
35,710 

36,266 
36,821 
37, 377 
37, 932 
38,487 

39,043 
39, 598 
40, 153 
40, 709 
41,264 

41, 820 
42,375 
42,930 
43, 486 
44,041 

44,596 
45, 152 
45,707 
46,262 
46,818 

47, 373 
47, 929 
48,484 
49, 039 



50,150 
50,705 
51, 261 

51, 816 

52, 372 

52,927 

53, 482 
54,038 
54, 593 
55, 148 



27, 991 
28,546 
29, 101 
29,657 
30,212 

30,768 
31,323 
31, 878 
32,434 



33,544 
34,100 
34,655 
35,211 
35,766 

36,^1 
36,877 
37, 432 
37, 987 
38,543 

39,098 
39, 654 
40,209 
40,764 
41,320 

41,875 
42,430 
42,986 
43, 541 
44,097 

44,652 
45,207 
45,763 
46,318 
46,873 

47,429 
47,984 
48,540 
49,095 
49,650 

50,206 

50, 761 

51, 316 
51, 872 
52,427 

52, 982 
53, 538 
54,093 
54,649 
55,204 



28,046 
28,602 
29, 157 
29, 712 
30,268 

30,823 
31, 379 
31,934 
32,489 
33,045 

33,600 
34,155 
34,711 
35,266 
35,821 

36,377 
36,932 
37,488 
38,043 



39,154 
39,709 
40,264 
40,820 
41,375 

41,931 
42,486 
43,041 
43, 597 
44,152 

44,707 
45,263 
45,818 
46,374 
46,929 

47,484 
48,040 
48,595 
49, 150 
49,706 

50,261 
50,817 
51, 372 
51, 927 
52 483 

53,038 
53, 593 
54, 149 
54,704 
55, 260 



28,10228,157 28,213|28, 

28,657 28,713 



29, 213 
29, 768 



30,32330,379 



30,879 
31,434 
31,989 
32,545 
33,100 

33,656 
34,211 
34,766 
35,322 
35,877 

36,432 
36,988 
37, 543 
38,099 
38,654 

39,209 
39, 765 
40,320 
40,875 
41, 431 



44, 

45, 318 
45, 874 
46,429 
46,984 



47,64047. 
48, 095 
48,651 
49,206 
49, 761 



50,317 
50, 872 
51,427 
51, 983 
52 538 



53,094 
53, 649 
54,204 
54,76054; 
55, 315 



29, 268 
29, 823 



,268 
768128, 824 
32429,379 
87929,935 
43430,490 



30,93430,990131, 
31,49031,545 

32,045 

32,600 
33,156 



,045 

31,601 

32,10032,156 

65632,711 

33,267 



32, 
33, 211 



33, 711 
34,266 
34.822 
35,377 
35,933 

36,488 
37,043 
37, 599 
38.154 
38,709 

39, 265 
39, 820 
40,376 
40, 931 
41,486 



33, 767 
34.322 
34,877 
35,433 
35,988 



33,822 
34,378 
34,933 
35,488 
36,044 



36,54336, 

37,099 

37,654 

38,210 

38,765 



,599 
37,154 
37, 710 
38,265 
38,820 



39,320 
39, 876 
40,431 
40,986 
41,54241, 



39,376 
39, 931 
40,487 
41,042 
,597 



42,042 

42, 597 
43, 152 

43, 708 



41,986 
42,541 
43, 097 
43, 652 
44,20844,26344, 



42,09742, 
42,65342, 
43,208 
43, 763 
319 



1,153 

,708 

43,263 

43, 819 

44,374 



76344,819 
45,37445; 
45,929 
46,485 
47,04047,096 



44,87444,930 

",429^ 
45,985^ 
46,54046, 



45,485 

46,040 

,596 

47, 151 



,595 

48, 151 
48,706 
49, 261 
49, 817 



47, 651 
48,206 
48, 762 
49, 317 
49, 872 



47,706 
48, 262 
48, 817 
49, 373 
49, 928 



50,372 
50,928 
51, 483 
52,038 
52 59452, 



50,428 
50,9835i; 
51,539 
52, 094 
',649 



50,483 
~ , 039 
51, 594 
52, 149 
52, 705 



53,205 



53, 149 

53,70453,76053, 

54,26054, 

" , 815 

55, 371 



,315 
54,871 
55,426 



53,260 

" ,816 
54,371 
54,926 
55,482 
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No. 





1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

21 
22 
23 

24 

25 
26 
27 
28 
29 

80 

31 
32 
33 
34 

35 
36 
37 
38 



40 

41 
42 
43 
44 

45 
46 
47 

48 
49 



0.000 

575. 207 

1, 150. 413 

1, 725. 620 

2, 300. 826 

2, 876. 033 
3, 451. 240 
4, 026. 446 
4, 601. 653 
5, 176. 859 

5, 752. 066 
6, 327. 272 
6, 902. 479 
7, 477. 686 
8,052.892 

8, 628. 099 

9, 203. 305 

9, 778. 512 

10, 353. 719 

10, 928. 925 

11, 504. 132 
12, 079. 338 
12, 654. 545 
13, 229. 752 
13, 804. 958 

14, 380. 165 
14, 955. 371 
15, 530. 578 
16, 105. 785 
16,680.991 

17, 256. 198 
17, 831. 404 
18; 406. 611 
18, 981. 817 
19, 557. 024 

20, 132. 231 

20, 707. 437 

21, 282. 644 
21, 857. 850 
22, 433. 057 

23, 008. 264 
23, 583. 470 
24, 158. 677 
24, 733. 883 
25, 309. 090 

26, 884. 297 
26, 459. 503 
27, 034. 710 
27, 609. 916 
28, 185. 123 



58 

633 

1,208 

1,783 

2,358 

2,934 
3,509 
4,084 
4,659 
5,234 

5,810 
6,385 
6,960 
7,535 
8,110 

8,686 

9,261 

9,836 

10, 411 

10,986 

11, 562 
12, 137 
12, 712 
13, 287 
13,862 

14,438 
15, 013 

15, 588 
16, 163 

16, 739 

17, 314 
17, 889 
18, 464 
19, 039 
19, 615 

20,190 

20, 765 
21,340 

21, 915 
22, 491 

23,066 

23, 641 
24, 216 

24, 791 
25,367 

25,942 
26, 517 
27,092 
27,667 
28, 243 



115 

690 

1,265 

1,841 

2,416 

2,991 
3,566 
4,141 
4,717 
5,292 

5,867 
6,442 
7,018 
7, 593 
8,168 

8,743 

9,318 

9,894 

10,469 

11,044 

11,619 
12,194 
12, 770 
13,345 
13, 920 

14, 495 
15,070 
15,646 
16, 221 
16,796 

17, 371 
17,946 
18, 522 
19,097 
19, 672 

20, 247 

20, 822 

21, 398 
21, 973 
22,548 

23, 123 
23,699 
24, 274 
24,849 
25,424 

25,999 

26, 575 
27, 150 

27, 725 
28,300 



173 

748 

1,323 

1,8 ' 

2,473 

3,049 
3,624 
4,199 
4,774 
6,349 

5,925 
6,500 
7,075 
7,650 
8,225 

8,801 

9, 376 

9,951 

10, 526 

11, 101 

11, 677 
12,252 

12, 827 

13, 402 
13, 978 

14,553 
15, 128 
15, 703 
16, 278 
16,854 

17,429 
18,004 
18, 579 
19, 164 
19,730 

20,305 
20,880 
21, 455 
22,030 
22,606 

23, 181 
23, 756 
24, 331 
24,906 
25, 482 

26,067 

26, 632 
27, 207 

27, 782 
28,358 



230 

805 

1,380 

1,956 

2,531 

3,106 
3,681 
4,257 
4,832 
6,407 

5,982 
6,557 
7,133 
7,708 
8,283 

8,858 

9,433 

10,009 

10,584 

11, 159 

11,734 
12,309 

12, 885 

13, 460 
14,035 

14, 610 
15, 185 

15, 761 
16,336 

16, 911 

17,486 
18,061 

18, 637 

19, 212 
19,787 

20,362 

20, 938 

21, 513 
22; 088 
22, 663 

23,238 

23, 814 
.24, 389 

24, 964 
25, 539 

26, 114 
26,690 
27, 265 
27,840 
28, 415 



'288 

863 

1,438 

2,013 

2,588 

3,164 
3,739 
4,314 
4,889 
6,464 

6,040 
6,615 
7,190 
7,765 
8,340 

8,916 

9,491 

10,066 

10, 641 

11, 217 

11,792 

12, 367 
12,942 

13, 517 
14, 093 

14,668 
15, 243 
15, 818 
16, 393 
16, 969 

17,544 
18, 119 
18,694 
19, 269 
19,845 

20,420 
20, 995 
21, 570 
22,145 
22, 721 

23, 296 
23, 871 
24, 446 
25, 021 
25, 597 

26, 172 

26, 747 

27, 322 
27, 898 
28, 473 



345 

920 

1,496 

2,071 

2.646 

3,221 
3,796 
4,372 
4,947 
5,522 

6,097 
6,672 
7,248 
7,823 
8,398 

8,973 

9,548 

10, 124 

10, 699 

11,274 

11,849 
E,424 
13,000 
13, 575 
14, 150 

14, 725 
16,300 

15, 876 

16, 451 
17,026 

17, 601 
18, 177 
18, 752 
19,327 
19,902 

20, 477 
21,053 
21, 628 
22, 203 
22, 778 

23,353 
23,929 
24,504 
25, 079 
25,654 

26,229 
26,805 
27,380 
27, 955 
28,530 



403 

978 

1,553 

2,128 

2,703 

3,279 
3,854 
4,429 
5,004 
6,680 

6,166 
6,730 
7,305 
7,880 
8,456 

9,031 

9,606 

10, 181 

10, 756 

11,332 

11,907 
12, 482 
13, 057 
13, 632 
14, 208 

14, 783 
15,358 
15, 933 
16,508 
17,084 



17, 

18,234 

18,809 

19,384 

19,960 



20,535 
21, 110 
21,685 
22,260 
22, — 



23, 411 
23,98624; 
24, 661 
25, 137 
25, 712 



8 



460 
1,035 
1,611 
2,186 
2,761 

3,336 
3.911 
4,487 
6,062 
6,637 

6,212 
6,787 
7,363 
7,938 
8,613 

9,088 

9,663 

10, 239 

10, 814 

11,389 

11,964 
12,540 
13, 115 
13, 690 
14, 265 

14,840 
16,416 
15,991 
16,666 
17,141 



518 
1,093 
1,668 
2,243 
2,819 

3,394 
3,969 
4,544 
5, 119 
5,695 

6,270 
6, 846 I 
7,420 1 
7, 995 
8,571 

9,146 

9,721 

10, 296 

10, 871 

11, 447 

12,022 

12, 597 
13, 172 

13, 747 

14, 323 ! 

14, 898 
15,473 
16,048 
16,623 
17,199 



65917,71617,774 
18, 292 18, 349 

18, 86718, 924 

19, 442 19. 500 
20, 017 20, 075 



20,59220,650 
21, 168 21, 225 
21; 743 21, 800 
22,31822,376 
83622,89322,951 



23,46823,526 
;, 044 24, 101 
24, 61924, 676 
25,19425,252 
25,769;25,827 



26,287126,344 26,402 
26,862126,92026,977 
27, 437 27, 495,27, 552 
28,01328,07028,128 
28,58828,645 28,703 
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No. 



2 



8 



50 

51 
52 
53 
54 

55 
56 
57 
58 
59 

eo 

61 
62 
63 
64 

65 
66 
67 
68 
69 

70 

71 
72 
73 

74 

75 
76 
77 
78 
79 

80 

81 
82 
83 
84 

85 
86 
87 



90 

91 
92 
93 
94 

95 
96 
97 



28,760.330 
29,335.536 
29, 910. 743 
30,485,949 
31,06L156 

31,636.362 
32,211.569 
32, 786. 776 
33,361.982 
33, 937. 189 

34,512.395 
35,087.602 
35,662.809 
36, 238. 015 
36,813.222 

37,388.428 
37,963.635 
38,538.842 
39,114.048 
39,689.255 

40,264.461 
40,839.668 
41,414.874 
41,990.081 
42,565.288 

43,140.494 
43,715.701 
44,290.907 
44, 866. 114 
45,44L321 

46,016.527 
46, 59L 734 
47,166.940 
47,742.147 
48,317.354 

48,892.560 
49,467.767 
50,042.973 
50, 618. 180 
61,193.387 

51, 768. 593 
52,343.800 
52,919.006 
53,494.213 
54,069.419 

54, 644. 626 
55,219.833 
55, 795. 039 
56,370.246 
56,945.452 



•28, 818 
29, 393 
29, 968 
30, 543 
31, 119 

31, 694 
32, 269 
32,844 
33, 420 
33, 995 

34, 570 
35, 145 
35,720 
36, 296 
36, 871 

37,446 
38,^21 
38,596 
39, 172 
39, 747 

40,322 
40, 897 
41, 472 
42,048 
42,623 

43,198 
43,773 
44,348 
44,924 
45,499 

46,074 
46, 649 
47,224 
47,800 
48,375 

48,950 
49, 525 
50,100 
50,676 
51, 251 

51,826 
52,401 
52, 977 
53, 552 
54,127 

54,702 
55, 277 
55, 853 
56, 428 
57,003 



28, 875 
29, 451 
30,026 
30, 601 
31, 176 

31, 751 
32, 327 
32,902 
33, 477 
34,052 

34, 627 
35,203 
35, 778 
36, 353 
36,928 

37,503 
38,079 
38,654 
39, 229 
39,804 

40,380 
40,955 
41, 530 
42, 105 
42,680 

43,256 
43,831 
44,406 
44,981 
45, 556 

46, 132 

46, 707 
47, 282 

47, 857 
48,432 

49,008 
49,583 
50,158 
50,733 
51,308 

51, 884 
52, 459 
53, 034 
53, 609 
54,184 

54,760 

55, 335 
55, 910 

56, 485 
57,060 



28, 933 
29,508 
30,083 
30, 659 
31, 234 

31, 809 
32, 384 
32, 959 
33,535 
34,110 

34,685 
35, 260 
35, 835 
36,411 
36, 986 

37, 561 
38, 136 
38, 711 
39, 287 
39, 862 

40,437 
41,012 
41, 587 
42, 163 
42, 738 

43,313 
43, 888 
44,463 
45,039 
45, 614 

46, 189 
46,764 
47,340 
47,915 
48,490 

49,065 
49,640 
50,216 
50,791 
51,366 

51, 941 

52, 516 
53, 092 

53, 667 
54,242 

54,817 
55, 392 
55, 968 
56, 543 
57, 118 



28,990 
29, 566 
30, 141 
30, 716 
31, 291 

31, 866 
32,442 
33,017 
33, 592 
34, 167 

34,742 
35,318 
35, 893 
36, 468 
37,043 

37, 619 
38,194 

38, 769 
39,344 
39, 919 

40,495 
41,070 

41, 645 
42,220 

42, 795 

43,371 
43,946 
44,521 
45, 096 
45, 671 

46,247 
46, 822 
47, 397 
47, 972 
48,547 

49,123 
49, 698 
50,273 
50,848 
51,423 

51, 999 
52, 574 
53, 149 
53, 724 
54,300 

54,875 
55,450 
56, 025 
56,600 
57, 176 



29,048 
29, 623 
30, 198 
30, 774 
31,349 

31, 924 
32,499 
33, 074 
33,650 
34,225 

34,800 
35, 375 
35,950 
36, 526 
37, 101 

37, 676 
38, 251 
38, 826 
39,402 
39,977 

40,552 
41, 127 

41, 702 

42, 278 
42,853 

43, 428 
44,003 
44, 579 
45, 154 
45, 729 

46,304 
46, 879 
47,455 
48,030 
48,605 

49, 180 
49, 755 
50,331 
50,906 
51,481 

52,056 
52,631 
53, 207 
53, 782 
54,357 

54, 932 
55,507 
56,083 
56,658 
57,233 



29, 105 
29,681 
30, 256 
30,831 
31,406 

31,981 
32,557 
33, 132 

33, 707 

34, 282 

34, 858 
35, 433 
36,008 
36, 583 
37,158 

37, 734 
38, 309 
38, 884 
39, 459 
40,034 

40,610 
41, 185 
41,760 
42, 335 
42, 910 

43,486 
44,061 
44,636 
45, 211 
45, 786 

46, 362 
46, 937 
47, 51^2 
48, 087 
48, 662 

49, 238 
49, 813 
50, 388 
50,963 
51, 539 

52, 114 
52, 689 
53,264 
53,839 
54,415 

54,990 
55, 565 
56,140 
56, 715 
57, 291 



29,16329,22029,278 
29,73829,79629,853 

30,31330,3 

30,88930,94631,004 
31,46431,52131,579 



32,03932, 
32,61432, 
33, 189 
33,76533, 

o4, o4v OTj] 



,09732,154 

,67232,729 

33,24733,304 

"',82233,880 

;, 397 34, 455 



34,91534, 
35,49035, 
36,065 
36,641 
37, 216 



,97335,030 
,54835,605 



36, 123 



36,69836,756 



37, 273 



37, 791 
38, 366 

38, 941 
39, 517 
40,092 



37,849 
38,42438, 
38, 999 
39, 574 
40,149 



37, 906 
,481 
39,057 
39,632 
40,207 



40,667 

41, 242 
41, 818 

42, 393 
42,96843 



40,725 
41,300 
41, 875 
42,45042; 
,025 



43,601 
44, 176 

45, 32fe 



43,543 
44,118 
44,69444, 
45, 269 
45,84445,90145, 



46, 477 
052 
627 



46,419 

46,99447,05247 
47,57047 
48, 145 
48,72048,778 



49,29549, 
49, 870 
50,446 
51,021 
51, 596 



36,180 



37,331 



40,782 
41, 357 
41, 933 
,508 
43,083 



43, 658 
44, 233 
44,809 
45, 384 
., 959 



46,534 

109 

47, 685 

48,20248,260 

48,835 



,35349,410 
49,92849,985 

50, 50350, 561 
51,07851,136 

51, 654 51, 711 



52, 171 

52, 746 
53, 322 

53, 897 
54,472 

55,047 
55, 622 
56, 198 
56, 773 

57, 348 



52, 229 52, 286 
52, 804 52, 861 
53, 379:53, 437 
53, 954:54, 012 
54,53054,587" 



55, 105 
55, 680 



56,830 



55, 162 
55, 738 



56,25556,313 



56, 888 



57,40657,463 
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No. 





1 


2 


S 


4 


5 


6 


7 


8 


9 




1 
2 
3 
4 


0.000 

595.041 

1,190.083 

1, 785. 124 

2,380.165 


60 

655 

1,250 

1,845 

2,440 


119 

714 

1,309 

1,904 

2,499 


179 

774 

1,369 

1,964 

2,550 


238 

833 

1,428 

2,023 

2,618 


298 

893 

1,488 

2,083 

2,678 


357 

952 

1,547 

2,142 

2,737 


417 
1,012 
1,607 
2,202 
2,797 


476 
1,071 
1,666 
2,261 
2,856 


536 
1,131 
1,726 
2,321 
2,916 


5 
6 
7 
8 
9 


2,975.206 
3, 570. 248 
4,165.289 
4,760.330 
5,355.372 


3,035 
3,630 
4,225 
4,820 
5,415 


3,094 
3,689 
4,284 
4,879 
5,474 


3,154 
3,749 
4,344 
4,939 
5,534 


3,213 
3,808 
4,403 
4,998 
5,593 


3,273 
3,868 
4,463 
5,058 
5,653 


3,332 
3,927 
4,522 
5,117 
5,712 


8,392 
3,987 
4,582 
6,177 
5,772 


3,451 
4,046 
4,641 
5,236 
5,831 


3,511 
4,106 
4,701 
5,296 
5,891 


10 

11 
12 
13 
14 


5,950.413 
6,545.454 
7,140.496 
7,735.537 
8,330.578 


6,010 
6,605 
7,200 
7,795 
8,390 


6,069 
6,664 
7,260 
7,855 
8,450 


6,129 
6,724 
7,319 
7,914 
8,509 


6,188 
6,783 
7,379 
7,974 
8,569 


6,248 
6,843 
7,438 
8,033 
8,628 


6,307 
6,902 

7,498 
8,093 
8,688 


6,367 
6,962 
7,557 
8,152 
8,747 


6,426 
7,021 
7,617 
8,212 
8,807 


6,486 
7,081 
7,676 
8,271 
8,866 


15 
16 
17 
18 
19 


8,925.620 

9,520.661 

10,115.702 

10,710.743 

11,305.785 


8,985 

9,580 

10, 175 

10, 770 

11,365 


9,045 

9,640 

10,235 

10,830 

11,425 


9,104 

9,699 

10,294 

10,889 

11,484 


9,164 

9,759 

10,354 

10,949 

11,544 


9,223 

9,818 

10, 413 

11,008 

11,603 


9,283 

9,878 

10,473 

11,068 

11,663 


9,342 

9,937 

10,532 

11,127 

11,722 


9,402 

9,997 

10, 592 

11, 187 

11, 782 


9,461 
10,056 
10,651 
11, 246 
11,841 


20 

21 
22 
23 

24 


11,900.826 
12,495.867 
13,090.909 
13, 685. 950 
14,280.991 


11,960 
12, 555 
13,150 
13, 745 
14,340 


12,020 
12, 615 
13, 210 
13,805 
14,400 


12,079 
12,674 
13, 269 
13,864 
14,460 


12, 139 
12,734 
13, 329 
13,924 
14, 519 


12, 198 
12, 793 
13, 388 
13, 983 
14, 579 


12,258 
12,853 
13,448 
14,043 
14,638 


12, 317 
12, 912 
13,507 
14, 102 
14,698 


12, 377 
12, 972 
13,567 
14^62 
14, 757 


12,436 
13,031 
13, 626 
14, 221 
14, 817 


25 
26 
27 

28 
29 


14,876.032 
15,471.074 
16,066.115 
16, 661. 156 
17, 256. 198 


14,936 
15,531 
16, 126 
16, 721 
17,316 


14,995 
15,590 
16, 185 
16,780 
17,375 


15,055 
;5,650 
16,245 
16,840 
17,435 


15, 114 
15, 709 
16,304 
16,899 
17,494 


15, 174 
15, 769 
16,364 
16, 959 
17,554 


15,233 
15, 828 
16, 423 
17,018 
17, 613 


15,293 
15,888 
16,483 
17, 078 
17, 673 


15, 352 

15, 947 
16,542 
17, 137 
17, 732 


15,412 
10,007 
16,602 
17, 197 
17,792 


30 

31 
32 
33 
34 


17,851.239 
18,446.280 
19,041.322 
19,636.363 
20,231.404 


17, 911 
18,506 
19, 101 
19, 696 
20,291 


17, 970 
18,565 
19, 160 
19,755 
20,350 


18,030 
18,625 
19,220 
19, 815 
20,410 


18,089 
18,684 
.19,279 
19,874 
20,469 


18, 149 
18,744 
19,339 
19,934 
20,529 


18,208 
18,803 
19,398 
19, 993 
20,588 


18, 268 
18, 863 
19,458 
20,053 
20,648 


18,327 
18,922 
19,517 
20,112 
20,707 


18,387 
18,982 
19, 577 
20, 172 
20,767 


35 
36 
37 
38 
39 


20,826.446 
21,421.487 
22,016.528 
22,611.569 
23,206.611 


20,886 
21, 481 
22,076 
22, 671 
23, 266 


20,945 
21,540 
22, 136 
22, 731 
23, 326 


21,005 
21,600 
22, 195 
22,790 
23, 385 


21,064 
21,660 
22, 255 
22,850 
23,445 


21,124 

21, 719 

22, 314 
22,909 
23,504 


21, 183 
21., 779 
22,374 
22,969 
23,564 


21,243 
21,838 
22, 433 
23,028 
23,623 


21,302 
21,898 
22,493 
23,088 
23, 683 


21, 362 
21, 957 
22,552 
23,147 
23,742 


40 

41 

42 
43 
44 


23,801.652 
24,396.693 
24,991.735 
25,586.776 
26,18L817 


23,861 
24,456 
25,051 
!^,646 
26,241 


23,921 
24, 516 
25, 111 
25, 706 
26,301 


23,980 
24, 575 
25, 170 
25, 765 
26,360 


24,040 
24,635 
25, 230 
25,825 
26,420 


24,099 
24, 694 
25,289 
25,884 
26,479 


24,159 
24, 754 
25,349 
25,944 
26,539 


24,218 
24,813 
25,408 
26,003 
26, 598 


24, 278 
24,873 
25,468 
26,063 
26,658 


24,337 
24, 932 
25,527 
26, 122 
26, 717 


45 
46 
47 
48 
49 


26,776.858 
27,371.900 
27,966.941 
28, 561. 982 
29,157.024 


26,836 
27,431 
28, 026 
28,621 
29, 217 


26, 896 

27, 491 
28,086 
28,681 
29, 276 


26,955 
27,550 
28, 145 
28,740 
29, 336 


27,015 
27, 610 
28,205 
28,800 
29, 395 


27,074 
27, 669 
28,264 
28,860 
29,455 


27, 134 
27, 729 
28, 324 
28,919 
29, 514 


27,193 

27,788 
28,383 
28, 979 
29, 574 


27,253 

27,848 
28,443 
29,038 
29, 633 


27,312 
27,907 
28,502 
29,098 
29, 693 
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8 



29,752.065 
30, 347. 106 
30, 942. 148 
31, 537. 189 
32, 132. 230 

32, 727. 272 
33, 322. 313 
33,917.354 
34, 512. 395 
35,107.437 

35,702.478 
36, 297. 519 
36, 892. 561 
37, 487. 602 
38,082.643 

38, 677. 684 
39, 272. 726 
39, 867. 767 
40,462.808 
41,057.850 

41,652.891 
42, 247. 932 
42, 842. 974 
43,438.015 
44,033.056 

44,628.098 
45, 223. 139 
45,818.180 
46,413.221 
47,008.263 

47, 603. 304 
48,198.345 
48,793.387 
49,388.428 
49,983.469 

50, 578. 510 
51, 173. 552 
51,768.593 
52,363.634 
52,958.676 

53, 553. 717 
54, 148. 758 
54,743.800 
55,338.841 
55,933.882 

56, 528. 924 
57, 123. 965 
57,719.006 
58,314.047 
58,909.089 



29, 812 
30,407 
31,002 
31, 597 
32, 192 

32,787 
33, 382 
as, 977 
34, 572 
35, 167 

35,762 
36,357 
36,952 
37,547 
38,142 

38, 737 
39, 332 
39, 927 
40,522 
41, 117 

41, 712 
42,307 
42,902 
43,498 
44,093 

44,688 
45,283 
45, 878 
46,473 
47,068 

47, 663 
48,258 
48,853 
49,448 
50,043 

50,638 
51,233 
51, 828 
52,423 
53,018 

53, 613 
54,208 
54,803 
55, 398 
55,993 

56, 588 
57, 183 
57, 779 
58, 374 
58, 969 



29, 871 
30,466 
31,061 
31, 656 
32,251 

32,846 
33,441 
34,036 
34,631 
35,226 

35,821 
36, 417 
37,012 
37,607 
38,202 

38,797 
39, 392 
39,987 
40,582 
41, 177 

41,772 
42,367 
42,962 
43, 557 
44,152 

44,747 
45,342 
45,937 
46,532 
47,127 

47, 722 
48, 317 
48, 912 
49,507 
50,102 

50,698 
51,293 
51, 888 
52, 483 
53,078 

53, 673 
54,268 
54,863 
55,458 
56,053 

56,648 
57,243 
57,838 
58,433 
59^028 



29,931 
30,526 
31, 121 
31,716 
32,311 

32,906 
33,501 
34,096 
34,691 
35,286 

35,881 
36,476 
37,071 
37,666 
38, 261 

38,856 
39,451 
40,046 
40,641 
41,236 

41,831 
42,426 
43,021 
43, 617 
44,212 

44,807 
45,402 
45, 997 
46, 592 
47, 187 

47, 782 
48, 377 
48, 972 
49, 567 
50,162 

50,757 
51, 352 
51, 947 
52,542 
53, 137 

53,732 
54,327 
54,922 
55, 517 
56,112 

56, 707 
57,302 

57,898 
58,493 
59, 088 



29,990 
30,685 
31,180 
31, 775 
32,370 

32,965 
33,560 
34,155 
34,750 
35,345 

35,940 
36, 536 
37, 131 
37,726 
38,321 

38,916 
39, 511 
40,106 
40,701 
41,296 

1,891 

2,486 

43,081 

43, 676 

44,271 

44,866 
45,461 
46,056 
46, 651 
47,246 

47,841 
48,436 
49,031 
49, 626 
50,221 

50,817 
51,412 
52,007 
52, 602 
53, 197 

53,792 

54,387 
54,982 
55,577 
56, 172 

56,767 
57,362 
57, 957 
58,552 
59, 147 



30,050 
30,645 
31,240 
31, 835 
32,430 

33,025 
33,620 
34,215 
34,810 
35,405 

36,000 
36, 595 
37,190 
37, 785 
38,380 

38, 975 
39, 570 
40,165 
40,760 
41,355 

41,950 
42,545 
43,140 
43, 736 
44,331 

44,926 
45, 521 
46, 116 
46, 711 
47,306 

47,901 
48, 496 
49,091 
49, 686 
50,281 

50,876 
51,471 
52,066 
52, 661 
53, 256 

53,851 
54,446 
55,041 
55, 636 
56,231 

56, 826 
57,421 
58,017 
58,612 
59,207 



30,109 
30,704 
31,299 
31,894 
32,489 

33,084 
33, 679 
34, 274 

34,869 
35,464 



30,22830, 
30,823 
31,418 
32,01332; 



30,169 
30,764 
31,359 
31,954 
32,54932,60832; 



,288 
30,883 
31,478 
",073 

,668 



33,20333 
33,79833! 
34,39334 
34,988 
52435,583 



33,144 
33, 739 
34,334 
34, 929 
35, 



,263 

,858 

,453 

35,048 

35,643 



36,06036,11936, 
36, 655 
37,25037; 
37,845 
38,440 



36, 714 
" ,309 
37,904 
38,499 



1,179 
36,774 
37,369 
37,964 
38,559 



36,238 
36,833 
37,428 
38,023 
38,'618 



39,03539,094 

39,63039,689 

40,22540,28440,34440, 

40,82040,879 

41,41541,47441,53441 



39,15439,213 

39,808 

>,403 

40,998 

,593 



39,749 
40,344 
40,939 



42,01042,06942,129 

42,60542,66442,72442; 

43,20043,26043, 

43,795 

44, 390 44; 450 44, 509 44; 



42,188 

1,783 

43,379 

43, 974 . 

,569 



44, 986 45, 045 45, 104 45, 164 
45, 580 45, 640 45, 699 45, 759 
46, 175 46, 235 46, 294 46, 354 
46, 770 46, 830 46, 889 46, 949 
47, 365 47, 426 47, 484 47, 544 



48,079 
48, 674 



47,960148,020 

48,65548,615 

49,15049,21049,269 

49,74549,805 

50,34^50,400 



48, 139 
48,734 
49,329 
86449,924 
50,519 



49 
50) 460 



60,93650. 
51, 531 
62,126 
52,721 
53,316 



51,065 

51,650 

,245 

52,840 



,995 
51,590 
52,18552 
52,780 
53,37553,43553; 



51, 114 
51,709 
52,304 
52,899 
"1,494 



63,91153,970 
54,50654,56554; 
55, 101 
55,69655; 
66,291 



64,030 
" ,625 
16055,220 
55, 815 
56,410 



55, 

",755 
56,350 



66,88656, 
57,481 
58,07658; 
58, 671 
59, 266 



1,945 

57,54057 

" 136 
58, 731 
59, 326 



57,005 
, 600 
58, 195 
58,790 
59, 385 



54,089 
54,684 
55, 279 
55, 874 
56,469 

57,064 
57,660 
58,255 
58,850 
59,445 
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Discharge in Hcond-feet into run-off in acre-feet per morUh of SI days. 



No. 





1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

30 

31 
32 
33 

34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 
47 
46 
49 



0.000 

614. 876 

1,229.752 

1, 844. 628 

2,459.504 

3,074 380 
3, 689. 256 
4, 304. 132 
4,919.008 
5, 533. 884 

6, 148. 760 
6, 763. 636 
7, 378. 512 
7, 993. 388 
8,60a264 

9, 22a 140 

9,838.016 

10,452.892 

11,067.768 

11,682.644 

12,297.520 
12, 912. 396 
13,527.272 
14, 142. 148 
14,757.024 

15,371900 
15, 986. 776 
16, 601. 652 
17,216.628 
17,831.404 

18,446.280 
19,061.156 
19,676.032 
20, 290. 908 
20,905.784 

21, 520. 660 
22, 135. 536 
22,750.412 
23, 365. 288 
23,980.164 

24, 595. 040 
25, 209. 916 
25,824.792 
26,439.668 
27,054.544 

2^,669.420 
28, 284. 296 
28, 899. 172 
29, 514. 048 
30,128.924 



61 
676 
291 
906 
521 

136 
751 
366 
980 
595 

210 
825 
440 
055 
670 

285 
900 
514 
129 
744 

359 

974 
589 
204 
819 

433 
048 
663 
278 
893 

508 
123 
738 
352 
967 

582 
197 
812 
427 
042 

657 
271 
886 
501 
116 

731 
346 
960 
576 
190 



123 

738 

1,353 

1,968 

2,582 

3,197 

3,812 
4,427 
5,042 
5,657 

6,272 
6,887 
7,501 
8,116 
8,731 

9,346 

9,961 

10, 576 

11, 191 

11,806 

12,420 
13,035 
13,650 
14, 265 
14,880 

15,495 
16, 110 
16, 725 
17,340 
17,954 

18,569 
19,184 
19, 799 
20,414 
21,029 

21,644 
22, 259 
22, 873 
23,488 
24, 103 

24, 718 
25, 333 
25, 948 
26, 563 
27, 178 

27, 792 
28,407 
29,022 
29, 637 
30, 252 



184 

799 

1,414 

2,029 

2,644 

3,259 
3,874 
4,489 
5,103 
6,718 

6,333 
6,948 
7,563 
8,178 
8,793 

9,408 
10, 022 
10, 637 
11, 252 
11,867 

12,482 
13,097 
13,712 
14, 327 
14,941 

15,666 
16, 171 
16, 786 
17,401 
18,016 

18, 631 
19,246 
19,860 
20,475 
21,090 

21, 705 
22, 320 
22, 935 
23,550 
24,165 

24,780 
25, 394 
26,009 
26, 624 
27,239 

27,864 
28, 469 
29, 084 
29, 699 
30, 313 



246 

861 

1,476 

2,091 

2,706 

3,320 
3,935 
4,550 
6,166 
6,780 

6,395 
7,010 
7,624 
8,239 
8,864 

9,469 
10,084 
10, 699 
11,314 
11,929 

12,643 
13,168 
13,773 
14, 388 
16,003 

16, 618 
16, 233 
16,848 
17,462 
18,077 

18, 692 
19,307 
19, 922 
20, 637 
21, 152 

21, 767 
22,381 
22, 996 
23, 611 
24,226 

24,841 
25,456 
26,071 
26,686 
27,300 

27,916 
28, 530' 
29, 145 
29,760 
30, 375 



307 

922 

1,537 

2,152 

2,767 

3,382 
3,997 
4,612 
6,226 
6,841 

6,466 
7,071 
7,686 
8,301 
8,916 

9,631 
10, 146 
10,760 
11, 376 
11,990 

12,606 
13,220 
13, 836 
14,450 
16,064 

16, 679 
16, 294 
16, 909 
17, 524 
18, 139 

18,754 
19, 369 
19, 983 
20, 598 
21, 213 

21, 828 
22,443 
23^058 
23,673 
24,288 

24,902 
25, 517 
26, 132 
26, 747 
27,362 



369 

984 

1,599 

2,214 

2,828 

3,443 
4,058 
4,673 
5,288 
5,903 

6,618 
7,133 
7,747 
8,362 
8,977 

9,59^ 
10, 207 
10, 822 
11,437 
12,062 



12, 666 
13, 281 
13, 896 
14, 511 
16,12616, 



16,741 
16, 356 
16, 971 
17,585 
18,200 



18,81518, 

19,430 

20,045 

20,66020, 

21,27521, 



24,964 
25,679 
26, 194 
26,809 
27,423 



27,977 28,038 
28,692 28,663 



29, 207 
29, 821 
30,436 



29, 

29,88329 

30,49830: 



430 
1,045 

1, 

2,276 

2.890 

3,506 
4,120 
4,735 
6,349 
5,964 

6,579 
7,194 
7,- - 
8,424 
9,039 

9,654 
10,268 
10,883 
11,498 
12,113 



12,728 
13,343 
13,958 
14, 573 
.,187 



15,802 
16,417 
17,032 
17, 647 
18,262 



,877 

19,492 

20, 106 

721 

,336 



21,89021,951 
22,60422,666 
23, 119 
23,734 
24,349 



23, 181 
23, 796 
24,411 



28, 
28,715 



10028,161 

28, 776 

26829,33029,391 

30,006 

30,621 



,944 
1,569 



8 



492 
1,107 
1,722 
2,337 
2,961 

3,566 
4,181 
4,796 
6,411 
6,026 

6,641 
7,266 
7,870 
8,486 
9,100 

9,716 
10,330 
10,945 
11,660 
12,176 

12, 789 
13,404 
14,019 
14,634 
16,249 

16,864 
16,479 
17,094 
17, 708 
18, 323 

18, 938 
19,563 
20,168 
20,783 
21, 398 

22,013 
22, 627 
23,242 
23,867 
24,472 



25,02626,087 25,148 
26,64026,70226,763 
26,26626,317 26,378 
26,87026,93226,993 
27,48527,54627,608 



553 
1,168 
1,783 
2,398 
3,013 

3,628 
4,243 
4,858 
6,472 
6,087 

6,702 
7,317 
7,932 
8,547 
9,162 

9,777 
10,391 
11.006 
11, 621 
12,236 

12, 861 
13,466 
14, 081 
14, 696 
16, 310 

15,925 
16,640 
17, 155 
17, 770 
18, 385 

19,000 
19, 616 
20, 229 
20,844 
21, 459 

22,074 
22, 689 
23,304 
23,919 
24,534 



28, 223 
28,838 
29,453 
30,067 
30,682 
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5 



8 



30, 743. 800 
31, 36a 677 
31,973.563 
32, 68a 429 
33,203.305 

33,8iai81 
34,433.057 
36,047.933 
35,662.809 
36,277.685 

36,892.561 
37,507.437 
38, 122. 313 
38,737.189 
39,352.066 

39,966.941 
40,58L817 
41, 196. 693 
41,811.569 
42,42^445 

43,041321 
43,656.197 
44,271.073 
44,885.949 
46, 500. 825 

46, 115. 701 
46,730.577 
47,345.453 
47, 96a 329 
46,575.205 

49,190.081 
49,804.957 
60,419.833 
51, 034. 709 
51, 649. 585 

52,264.461 
52,879.337 
63,494.213 
54, 109. 089 
54,723.965 

55, 33a 841 
55, 953. 717 
66, 56a 593 
67, 18a 469 
57, 79a 345 

58,4ia221 
59, 02a 097 
69, 642. 973 
60, 267. 849 
60, 872. 725 



30,806 
31,420 
32,035 
32,660 
33,265 

33,880 
34,496 
36,109 
35,724 
36, 339 

36,954 
37, 669 
38,184 
38, 799 
39, 414 

40,028 
40,643 
41, 258 
41, 873 
42,488 

43, 103 
43, 718 
44,333 
44,947 
45, 562 

46, 177 
46, 792 
47, 407 
48, 022 
48,637 

49,262 
49, 866 
60,481 
51,096 
51, 711 

52, 326 
52, 941 
53, 556 
54,171 
54,786 

65,400 
56,016 
66, 630 
57,245 
57,860 

58,475 
69,090 
59,704 
60,319 
60,934 



30,867 
31,482 
32,097 
32, 711 
33,326 

33,941 

34,666 
35, 171 
35, 786 
36,401 

37,016 
37,630 
38,245 
38,860 
39,476 

40,090 

40, 705 

41, 320 
41, 936 
42,649 

43,164 
43, 779 
44,394 
45,009 
45,624 

46, 239 
46,854 
47,468 
48,083 
48,698 

49, 313 
49,928 
60,543 
51, 158 
51, 773 

52, 387 
53,002 
53,617 
54,232 
54,847 

55,462 
56,077 
56, 692 
57,306 
57,921 

58,536 
59, 151 
59, 766 
60,381 
60,996 



30,928 
31,543 
32,158 
32, 773 
33,388 

34,003 
34,618 
35, 232 
35,847 
36,462 

37,077 
37,692 
38, 307 
38, 922 
39,537 

40,151 
40, 766 
41, 381 
41, 996 
42, 611 

43,226 
43,841 
44,456 
45,070 
46,686 

46,300 
46,916 
47,530 
48, 145 
48,760 

49, 376 
49, 989 
60,604 
51, 219 
51,834 

52,449 
53,064 
53,679 
54,294 
54,908 

55, 623 
56, 138 
56,753 
57, 368 
57, 983 

58,598 
59, 213 
59, 827 
60,442 
61,057 



30,990 
31,605 
32, 220 
32,834 
33,449 

34,064 
34,679 
35,294 
35,909 
36, 524 

37, 139 
37, 7S3 
38, 368 
38,983 
39,598 

40,213 
40, 828 
41,443 
42,058 
42,672 

43,287 
43,902 
44, 517 
45, 132 
45,747 

46, 362 
46,977 
47, 591 
48,206 
48,821 

49,436 
60,051 
50,666 
51,281 
51,896 

52, 610 
53, 126 
53,740 
54,356 
54,970 

55,686 
56,200 
66,816 
57,429 
58,044 

68, 669 

59, 274 
59,889 
60,604 
61, 119 



31,051 
31, 666 
32,281 
32, 896 
33,511 

34,126 
34,740 
36,366 
36, 970 
36,686 

37,200 
371816 
38,430 
39,046 
39,660 

40,274 

40, 889 
41,504 
42,ia9 
42, 734 

43,349 
43,964 
44,579 
45, 193 
45,808 

46,423 
47,038 
47, 653 
48,268 
48,883 

49,498 
60, 112 
50,727 
51,342 
51,967 

52, 572 
53, 187 
53,802 
54,417 
65,031 

56,646 
56,261 
56,876 
57,491 
58,106 

58,721 
59, 336 
59,950 
60,565 
61,180 



31, 113 
31, 728 
32,342 
32, 957 
33,572 

34,187 
34,802 
36,417 
36,032 
36,647 

37,261 
^7,876 
38,491 
39, 106 
39, 721 

40,336 
40,961 
41, 566 
42,180 
42,796 

43,410 
44,026 
44,640 
45, 255 
45, 870 

46,486 
47,100 
47, 714 
48,329 
48,944 

49, 559 
50,174 
50,789 
61,404 
52,019 

52, 633 
53, 248 
53, 863 
54,478 
56,093 

55,708 
56,323 
56,938 
57, 552 
58, 167 

58, 782 
59, 397 
60,012 
60,627 
61,242 



31, 174 
31, 789 
32,404 
33,019 
33,634 

34,249 
34,863 
35,478 
36,093 
36, 708 

37, 323 
37, 938 
38,663 
39,168 
39,782 



31,23631, 

31,851 

32,46632, 

33,080 

33,69633, 



,297 
31,912 

1,527 
33, 142 
",757 



34,3]D34, 
34,92534, 
35,540 
36, 155 
36, 770 



,372 

,986 

36,601 

36,216 

36, 831 



37,384 
37,999 
38, 614 
39,229 
39,844 



37,446 
38,061 
38,676 
39, 291 
39,906 



40,45940. 
" 074 

41, 689 



40,397 
41,01241 
41, 627 

42,24242,30342, 
42,867 



42,918 



,520 
41,135 
41,750 

,366 
42,980 



43,47243, 
44,087 
44, 701 
45, 316 
45,931 



43, 595 

44.210 

44, 824 

37846,439 

99346,054 



,533 
44,148 
44,763 
45, - 
45, 



46,54646,608 
47, 161 
47,77647: 
48, 391 
49,006 



46, 669 
22247,284 

47,899 
46248,514 

49, 129 



47, 
^ 837 

48; 

49,067 



49, 620 

50,235 

50,85060, 

51,46651 

62,080 



68249,743 
60,368 
60,973 
61,588 
52,203 



49, 

50,297 
,912 
,527 

52, 141 



52, 695 

53,31053; 

53,925 

54,540 

55,164 



62,756 
,371 
53,986 
64,601 
56,216 



55,769 
56,384 
56, 999 

57, 614 
58,229 

68,844 
59,459 
60, 073 
60,688 
61, 



303 151 



55, 831 
56,446 
57,060 
57, 675 
68,290 

68,905 
59, 520 
60,135 
60,750 
,366 



62, 818 
53,433 

54,048 
54,662 
55,277 

65, 892 
56,507 
57, 122 

57, 737 
58, 352 

58,967 
59,581 
60,196 
60,811 
61,426 
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DiKharge in second-feet irUo theoretical hortepower per foot offaU. 
[I second-foot -iO.1136 theoretical horsepower per foot of fall. Weight of 1 cubic foot of water -i62.5 pounds.] 



Tetis. 


Units. 







1 


2 


3 


4 


5 


6 


7 


8 


9 





0.00 
1.14 
2.27 
3.41 
4.54 
5.68 
6.82 
7.95 
0.09 
10.2 


0.114 
1.25 
2.39 
3.62 
4.66 
5.79 
6.93 
8.07 
9.20 
10.3 


0.227 
1.36 
2.50 
3.64 
4.77 
5.91 
7.04 
8.18 
9.32 
10.5 


0.341 
1.48 
2.61 
3.75 
4.88 
6.02 
7.16 
8.29 
9.43 
10.6 


0.454 
1.59 
2.73 
3.86 
6.00 
6.13 
7.27 
8.41 
9.64 
10.7 


0.568 
1.70 
2.84 
3.98 
5.11 
6.25 
7.38 
8.52 
9.66 
10.8 


0.682 
1.82 
2.95 
4.09 
5.23 
6.36 
7.50 
8.63 
9.77- 
10.9 


0.795 
1.93 
3.07 
4.20 
5.34 
6.48 
7.61 
8.75 
9.88 
11.0 


0.909 

2.04 

3.18 

4.32 

5.45 

6.59 

7.72 

8.86 

10.0 

11.1 


1.02 


1 : 


2.16 


2 


3.29 


3 


4 43 


4 


5.57 


5 


6 70 


6 


7.84 


7 


8 97 


8 


10.1 


9 


11 2 







CONVENIENT EQUIVAIjENTS. 

LENGTH. 

1 inch=T^ foot=0.027778 yard =0.000016783 mile=2.54 centimetere. 
1 foot=12 inche8=J yard=0.00018939 mile=0.3048 meter. 
1 yard=36 inche8=3 feet=0.00056818 inile=0.9144 meter. 
1 mile=63,360 inche8=5,280 feet=l,760 yardfl=1.60935 kilometere. 
1 meter=100 centimetere=6.001 kilometer=39.37 incheB=3.2808 feet=1.0936 
yards=0.00062137 mile. 

SURFACE. 

1 square inch=0. 006944 square foot=0.0007716 square yard=0.0000001594 acre= 
0.0000000002491 square mile=6.45163 square centimetera. 

1 square foot=144 square inches^i square yard=0.000022957 acre=0. 00000003587 
square mile =0.092903 square meter. 

1 square yard=l,296 square inchee=9 square feet=0.0002066 acre=0.0000003228 
square mile=0.83613 square meter. 

1 acre=6,272,640 square inches=43,560 square feet=4,840 square yards=0. 0015625 
square mile=208.71 feet square=0.404687 hectare. 

1 square mile=4,014,489,600 square inches=27,878,400 square feet=3,O97,600 
square yards=640 acre6=259 hectares. 

1 square meter= 10,000 square centimeter8=0*.0001 hectare =0.000001 square kilo- 
meter=l,550 square inches= 10.7639 square feet=1.19698 square yards=0.0002471 
acre=0.0000003861 square mile. 



1 cubic inch=0.004329 United States gallon =0.0005787 cubic foot=16.3872 cubic 
centimeters. 

1 United States gallon=231 cubic inches=0.13368 cubic foot=0.00000307 acre 
foot=3.78543 liters. 

1 cubic foot=l,728 cubic inche8=7.4805 United States gallons=0. 037037 cubic 
yard=0.000022957 acre-foot=28.317 liters. 

1 cubic yard=46,656 cubic inches=27 cubic feet=0.00061983 acre-foot=0. 76456 
cubic meter. 

1 acre-foot=325,851 United States gallons=43,560 cubic feet=l,613J cubic yardfl= 
1,233.49 cubic meters. 

1 cubic m^r, stere, or kiloliter= 1,000,000 cubic centimeterB= 1,000 liters- 
61,023.4 cubic inches=264.17 United States gallon8«35.3145 cubic feet=1.30794 
cubic yards=0.000810708 acre-foot. 
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HYDRAULICS. 

1 United States gallon of water weighs 8.34 pounds avoirdupois. 

1 cubic foot of water weighs 62.5 pounds avoirdupois. 

1 second-foot=7.48 United States gallons per second =448. 8 United States gallons 
per minutest 26,929.9 United States gallons per hour»646,317 United States gallons 
per day. 

1 second-foot =60 cubic feet per minute=3,600 cubic feet per hour=86,400 cubic 
feet per day=31,636,000 cubic feet per year=0.000214 cubic miles per year. 

1 second-foot=0.9917 acre-inch per hour=fel.983471 acre-feet per day =723.966942 
acre-feet per year. 

1 second-foot =50 miner's inches in Idaho, Kansas, Nebraska, New Md^co, North 
Dakota, and South Dakota=40 miner's inches in Arizona, Caliifomia, Montana, and 
Oregon=38.4 miner's inches in Colorado. 

1 second-foot =0.028317 cubic meter per second=1.699 cubic meters per minute= 
101.941 cubic meters per hour=2,446.58 cubic meters per day. 

1 cubic meter per minute=0.5886 second-foot=4.403 United States gallons per 
second =1.1674 acre-feet per day, 

1 million gallons per day=1.55 second-feet =3. 07 acre-feet per day=2.629 cubic 
meters per minute. 

1 second-foot falling 8.81 feet=l horsepower. 

1 second-foot falling 10 feet=l,135 horsepower. 

1 second-foot falling 11 feet=l horsepower, 80 per cent efficiency. 

1 second-foot for 1 year (366 days) will cover 1 square mile 1.1312 feet or 13.5744 
inches deep. 

1 inch deep on 1 square mile=2,323',200 cubic feet=0.0737 second-foot for 1 year. 

1,000,000,000 (1 United States billion) cubic feet=ll,570 second-feet for one day= 
413 second-feet for one 28-day month=399 second-feet for one 29-day month=386 
second-feet for one 30-day month=373 second-feet for one 31-day month . 

100 California miner's inches=18.7 United States gallons per second=4.96 acre-feet 
in one day. 

100 Colorado miner's inche8=2.60 second-feet=19. 5 United States gallons per 
second=5.17 acre-feet in one day. 

100 United States gallons per minute=0.223 second-foot =0.442 acre-foot in one day. 

1 foot deep (head of 1 foot) =0.434 pound pressure on 1 square inch. 

MISCBLLANEOUS. 

1 foot per second=0.68 mile per hour=1.097 kilometers per hour. 
1 avoirdupois j)ound=7,000 grains=0.4536 kilogram. 

1 kilogram =1,000 grani8=0.001 toniie=15,432 grain8=2.2046 pounds avoirdupois. 
1 atmoBphere=about 15 poimds per square inch, about 1 ton per square foot, and 
about 1 kilogram per square centimeter. 
Acceleration of gravity, g, =32.16 feet per second . 
1 mil=0.001 inch. 

1 circular mil=^ (0.001)' or 0.0000007854 square inch. 

1 square inch= 1,273,240 circular mils. 

No. 10 Birmingham gage wire has a diameter of 134 mils and a cross-sectional area of 
14,103 circular mils. 

1 hor8epower=5,694,120 foot-gallons per day =550 foot-pounds per second =33,000 
foot-ponnds -pet minute=l,980,000 foot-pounds per hour=2,545 British thermal units 
per hour=76 kilogrammeters per second=1.27 Mlogrammeters per minute=746 watts. 
74351^— 19— wsp 425 7 
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1 horsepower, boiler rating, requires the evaporation of 34) pounds per hour of 
water at 212® F. to dry steam at the same temperature; or the expenditure of 33,317 
British thermal units; and in practice is developed by burning 3} to 4} pounds per 
hour of coal under 10 to 12 square feet of heating surface. 

1 British thermal unit=778 foot-pounds. 

1 poimd of bituminous coal contains about 14,100 British thermal units, or 11,000,000 
foot-pounds of energy. 

Best engine efficiency is about 18 per cent and requires 1 pound of coal per hour per 
horsepower. Average efficiency is about 10 per cent and requires 1.8 pounds of coal 
per hour per horsepower. 

MAP SCALES. 



1,000,000» 
500,000 = 
260,000 = 
126,720 = 
125,000 = 
90,000 = 



Inches to 1 MJIestol 




mile. inch. 




:0. 06336=15. 78282 




: . 12672= 7. 89141 




: . 26344= 3. 94570 




-■ . 50000= 2. 00000 




= . 50688=. 1, 97285 




'. . 70400= L 4204^ 





Inches to 1 Miles to 1 
mile. inch. 

L: 63,360=1. 00000=1. 00000 

1:62,500=1.01376= .98642 

1:45,000=1.40800= .71023 

1: 31,680=2. 00000= . 50000 

L: 30,000=2. 11200= . 47349 

1:24,000=2.64000= .378787 
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GROUND WATER IN REESE RIVER BASIN AND ADJACENT 
PARTS OF HUMBOLDT RIVER BASIN, NEVADA. 



By Gebald a. Waring. 



INTRODUCTION. 

GIlOmn> WATER FOR IRRIGATION IN NEVADA. 

One of the remarkable achievements in the winning of the West 
has been the development of great areas of tillable land into a multi- 
tude of farms within the last half century. In the last decade, how- 
ever, Government land that is suitable for farming and open to entry 
has become scarce because of the rapid homesteading in the desir- 
able areas. The realization by prospective homesteaders that lands 
suitable for farming are becoming scarce has apparently served as a 
stimulus to settlement, and many entries have been made on lands 
that are unsuitable for farming. 

In Nevada the moimtains lie in approximately parallel ranges 
that trend in general nearly north, and the valleys between tjaem 
are deeply tmderlain by gravel, sand, and clay, brought down by 
flood water from the bordering motmtain slopes. This tmconsoli- 
dated vaUey fiU serves as a great reservoir in which much of the 
water that falls as rain or snow becomes stored as ground water, 
and in some valleys in Nevada this water is available for irrigation 
by means of weUs and pumping plants. 

At some places, however, the groimd water is too alkaline for 
successful use in irrigation, or it lies at a depth so great that the cost 
of pumping would be excessive, or it can not be developed in amount 
sufficient to make its use economically successful. It is therefore 
important that the ground-water conditions be carefully studied 
before agricultural settlement is at^mpted. 

INVESTIGATION OF GROUND WATER IN REESE RIVER BASIN. 

As a continuation of the United States Geological Survey's studies 
of groxmd water in Nevada the writer was assigned to make an 
examination of the drainage basin of Reese River and -adjacent parts 
of the basin of Humboldt River, in the central part of the State 
(see PI. VII), and spent the month of September, 1916, in this study, 
in company with Ernest L. Neill, of Stanford University. Acknowl- 
edgment is due to Mr. Neill for able assistance rendered and to many 
ranchmen for hospitality and for information fimiished. 

95 
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GEOGBAPHY OF THE ABEA. 

Reese River flows in a nearly direct course a little east of north 
from its headwaters in the Toyabe Range to its junction with Hum- 
boldt River. It is about 150 miles long, and its drainage basin is 12 
to 30 miles wi.de. The valley occupies, at most places along its 
course, hardly one-third of the width of the drainage basin, and in 
ith middle part it is constricted to form the Reese River canyon. 
(See PI. VIII, in pocket.) Antelope Valley and Buffalo Valley are 
connected with the valley of Reese River by broad lowlands. In 
each of these tributary valleys the storm waters gather in a playa 
which is dry most of the year but in wet seasons forms a lake or 
expanse of alkali-incrusted mud. These playas rarely overflow to 
Reese River. 

From an elevation of about 7,400 feet in Indian Valley, at the south 
end of the basin, the vaUey descends at a fairly imif orm grade north- 
ward along Reese River to an elevation of only 4,500 feet at the junc- 
tion of Reese River with the Humboldt. The principal peaks in the 
mountains that border the northern and central parts of the basin 
are 7,000 to 9,000 feet above sea level. To the south the crest of the 
Toyabe Range is for the most part more than 10,000 feet above the 
sea, and Arc Dome, the culminating point of the range and of the rim 
of the drainage basin, has an elevation of 11,775 feet. 

lihe climate of the area is arid. The average annual preoipita- 
tion at Battle Mountain is about 7 inohes; at Austin it is about 12} 
inches, and in the higher mountains it may reach 20 inches. About 
half the precipitation falls in December to March, inclusive. July is 
usually the driest month of the year. In the mountains the precipi- 
tation is mainly in the form of snow; in the valleys the irregular 
summer rains usually come as thunderstorms. 

Because of the dryness of the air and the relatively great elevation 
of the region above sea level, the daily range in temperature is great. 
It is said that in the southern part of the Reese River valley frosts 
may occur in any month of the year. The mean annual tempera- 
ture is about 50° F. 

The area is sparsely populated. In 1910, according to the census, 
Austin had a population of 700 and Battle Mountain 475. These are 
the only two towns in the area examined. 

Austin (see PI. IX, A) was formerly an important mining town, 
and soon after silver was discovered there, in May, 1862, it contained 
several thousand people. Of late years, since the principal mines 
were closed, it has served chiefly as a supply point for prospectors 
and ranchers and, as it is on the Lincoln Highway, for automobilists. 
It is connected with the Southern Pacific Railroad at Battle Moun- 
tain by the Nevada Central Railroad, a narrow-gage line 103 miles 
long. 
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Battle Mountain is a shipping point for live stock and a supply and 
shipping point for mining interests. In 1916 there were small set- 
tlements at the mining camps of Galena and Copper Canyoni to the 
southwest, and at Lewis, Dean, Maysville, and Hjilltop, to the south- 
east. The remainder of the inhabitants of this area live chiefly on 
the scattered ranches jn the valley. These ranches are devoted to 
the raising of live stock, principally cattle. Native hay is exten- 
sively grown for winter feeding, and alfalfa also is raised on several 
ranches. 

PHYSIOGRAPHY. 

HOimTAINS. 

The southern part of the Reese River valley is bordered on the 
east by the Toyabe Range and on the west by the Shoshone Range. 
The river crosses to the west side of the Shoshone Range through 
Reese River canyon and thence flows northward. North of the 
canyon the east side of the river basin is formed by the Shoshone 
Range and the west side of the basin is bordered by parts of several 
ranges — the Desatoya Moimtains at the south end of Antelope Valley, 
the Augusta Moimtains on its west side, the Fish Creek Mountains 
along its north end, and the Havallah Range along the west side of 
Buffalo Valley. Battle Moimtain forms a detached inass at the 
north end of Buffalo Valley. 

The Toyabe Range is the highest of these ranges, containing peaks 
that rise more than 4,000 feet above the valley. The range as a whole 
is narrow and has a short, steep eastern front and longer, less pre- 
cipitous western slopes. This form seems to have been produced by 
faulting and uplift along the east side of the range; Although th^ 
range is narrow and its slopes are in general steep, prolonged erosion 
prior to the uplift that gave it its present form pro'duced imdulating 
valleys and smoothed and rounded the summits in its higher parts.^ 
These upland valleys form small areas of grazing land, where the 
grass keeps green well into the summer. Indian Valley (see PI. X, 
B) probably acquired approximately its present form during this 
early erosional period. The most prominent roimded summit of the 
range is Mount Callahan, or "The Dome.'' From Reese River valley 
the Toyabe Range rises in a long, gentle slope that extends to its 
very top, but on its east side the slope is precipitous. 

The Shoshone Range (called the Reese River Range by Spurr^) 
seems to be essentially anticlinal in structure, though its steepest 
fronts, notably those near Smith Canyon, have probably been pro- 
duced by faulting. The hot springs in the lowlands a few miles south- 

» Meinzer, O. E., Geology and water resources of Big Smoky, Clayton, and Alkali Spring valleys, Nev.: 
U. S. GeoL Survey Water-Supply Paper 423, pp. 18-22, 1917. 

s Sporr, J. £., Descriptive geology of Nevada south of the fortieth parallel and adjacent portions of Cali- 
fornia; U. S. Geol. Survey Bull. 208, p. 97, 1903. 
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west of this canyon axe presumably supplied by deep-seated water 
that rises along fault lines. The range seems to have been uplifted 
since the Reese River drainage system was established, and the 
stream has apparently maintained its course by cutting down through 
the rocks as fast as they were uplifted, in a way similar to that in 
which Yakima River in central Washington ^ and other rivers have 
cut gorges across lava ridges. Throughout the canyon the alluvium 
is several feet deep. Cutting apparently has ceased, and some filUng 
of the canyon has taken place. Similar filling is well shown by Boone 
Creek. (See PI. XI, A,) 

The mountains and ranges along the west side of the northern half 
of the Reese River basin seem to be in general anticlinal in structure, 
though detailed study would probably show considerable faulting. 
Battle Mountain forms a detached mass whose sedimentary strata 
dip in the main westward, and early studies indicated that this mass 
may be an extension of the anticline of the Shoshone Range.^ 

ALLUVIAL FANS. 

Extensive alluvial fans have been built out from the mouths of 
the numerous canyons on each side of the valley, and the larger 
of these fans continue, well defined but with gentler slopes, down 
to the lowlands along the river. The alluvial fan near the mouth 
of Big Creek (see PI. X, A) is especially prominent, though it has 
been deeply dissected by the creek. 

BLUFFS. 

Unconsolidated sedimentary beds are exposed for considerable 
distances along the borders of the lower lands, and in several places 
they form prominent bluffs. The bluffs along the valley near 
Boone Creek (see PI. IX, B) are carved in such materials. There 
are similar bluffs on the west side of the valley, opposite Austin, and 
also 40 miles farther south, on the east side of the valley, near the 
Schmaling ranch. 

PLAYAS. 

The principal playas C*dry lakes" or alkali flats) in the drainage 
basin of Reese River are in Antelope and Buffalo valleys. The 
one in Antelope Valley has an area of only about 1 square mile, 
and it has an overflow channel that runs northward and eastward 
to Reese River. The one in Buffalo Valley is nearly 5 miles long 
from northeast to southwest and about 2 miles wide. During 
exceptionally wet seasons it may discharge northeastward to Reese 
River, but no outlet channel was noticed. 

1 Smith, G. O., U. S. Geol. Survey Geol. Atlas, Enen^urg folio (No. 86), p. 5, 1903. 

* Hague, Arnold, and Emmons, S. F., U. S. Geol. Expl. 40th Par. Rept., vol. 2, p. 667. 1877. 
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Along the lower course of Reese River there are extensive areas 
of poorly drg-ined alkali land from which the spring flood water 
evidently runs oflF very slowly, but no depressions were observed 
where intermittent lakes may form. 

GEOLOGY. 
GBOLOGIC SKETCH. 

The geologic history of the Reese River region is believed to be 
in brief as follows: ^ 

During Paleozoic and Mesozoic time the greater part of the region 
was submerged, and extensive deposits of limestone, sandstone, and 
shale were formed. The Reese River basin is geographically in a 
transition zone between the higher plateau lands of eastern Nevada 
and the 'lower lands farther west. Geologically, also, the basin is 
in a transition zone, for all the ancient sedimentary rocks along 
its east side are of Paleozoic age, whereas those on the west are of 
Mesozoic age.^ 

The evidence indicates that dimng the Paleozoic era an extensive 
area east of the Reese River basin was submerged, whereas the 
land for many miles westward stood above sea level. With the 
ending' of the Paleozoic and the beginning of the Mesozoic era the 
conditions were reversed, the western region being submerged and 
the eastern region uplifted. Since the Mesozoic era central Nevada 
as a whole has been uplifted several thousand feet above sea level 
by widespread structural movement, and the present mountain ranges 
have been developed by both transverse and longitudinal stresses.' 

The sedimentary rocks in the ranges bordering the Reese River 
valley have been intruded by granitoid rocks, which constitute the 
cores of the mountains. 

During the Tertiary period large areas, including perhaps the 
greater part of the basin of Reese River, were occupied by extensive 
fresh-water lakes, in which beds of gravel, sand, 'and clay were 
deposited, together with layers of volcanic ash. After this lake 
period, probably in the Miocene epoch of the Tertiary, great floods 
of lava were poinded out through numerous fissures or other centers 
of extrusion in the monntain ranges and buried deeply a large part 
of the Paleozoic and Mesozoic sedimentary rocks, as well as the 
Tertiary lake deposits. After this period of extrusive activity the 
region was much disturbed by crustal movements, and the principal 
mountain ranges, which were originally in the main anticlinal, 

1 For detailed discussloDS of the rocks and the geologic stracture, see Hague, Arnold, and Emmons, 
S. F., U. S. Oeol. Expl. 40th Par. Rept., vol. 2, pp. 615-688^ 1877. For description of the mining districts 
see mil, J. M., Some mining districts in northeastern California and northwe5>tem Nevada: TJ. S. OeoL 
Survey BuU. 584, pp. 64-125, 1915. 

» King, Clarence, U. S. Geol. Expl. 40th Par. Rept.. vol. 1, p. 412, 1878. 

s King, Clarence, TJ. S. OeoL Expl. 40th Par. Rept., vol. 3, p. 325, 1870. 
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were profoundly faulted and tilted, so that their structure is now 
complex. 

More recently the mountains have been extensively eroded, and 
the rock waste has been deposited in the lower parts of the basin. 
Reese River has cut its canyon across the Shoshone Range since 
the lavas were poiu-ed out, presiunably in large part during Pliocene 
and Pleistocene time. During the Pleistocene epoch a perennial 
lake is beUeved to have occupied Buflfalo Valley.^ 

PALEOZOIC SEDIMENTABY KOCES. 

The Paleozoic sedimentary rocks consist of limestone, slate, and 
quartzite and were probably laid down throughout the Paleozoic 
era. They are exposed over extensive areas in the Toyabe and 
Shoshone ranges and in Battle Mountain (see PI. VIII, in pocket) 
but not west of these ranges. The change in conditions of deposi- 
tion (see p. 99) apparently accounts for the absence of Paleozoic 
sediments from the region west of Battle Moftntain and the Shoshone 

Range. 

MESOZOIC SEDIMENTABY KOCKS. 

Limestone, shale, and sandstone that contain Mesozoic fossils 
form the Havallah Range along the west side of Buffalo .Valley. 
Small exposures along the flanks of the Fish Creek, Augusta,* and 
Desatoya mountains indicate that the Mesozoic rocks also compose 
the mass of these mountains beneath the thick sheets of lava that 
lie at the surface. 

PKE-TEBTIAKY CKYSTALUN^ KOCKS. 

Areas of crystalline rocks, chiefly granitoid, are exposed along the 
crest of the Toyabe Range in the vicinity of Austin and near Mount 
Beseler, 40 miles to the south. Granite and diorite form the sum- 
mit of Ravenswood Peak, in the Shoshone Range, and the crest of 
the range for about 10 miles south of this peak is formed of granite 
bordered by a narrow zone of crystalline schist. In the northern 
part of the range Shoshone Peak and adjacent areas are composed of 
granodiorite and other granular rocks.^ 

Along the west side of the basin granitoid rocks make up the 
north end of the Havallah Range; and exposures beyond the Reese 
River basin, along the flanks of the Fish Creek and Augusta moun- 
tains, indicate that the cores of these ranges also are composed of 
granitoid material. Small areas of diorite were mapped by the 
Fortieth Parallel Survey on the east slope of New Pass Moimtain 
and in the Havallah Range.' 

1 Soe U. S. Geol. Expl. 40th Par. Atlas, map 6, 1876. 

2 Emmons, W. H., A recomiaissance of some mining camps in Elko, Lander, and Eureka counties, Nev.: 
U. S. Geol. Survey Bull. 408, pi. 5, 1910. 

» U. 8. Geol. Expl. 40th Par. Atlas, map 5, 1876. 
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The apcient crystalline rocks of the Toyabe Range are intrusive 
in the Paleozoic rocks and are regarded by Hill* as of late Cretaceous 
or possibly of early Tertiary age. With the exception of the schist^ 
south of Ravenswood Peak that have been classed as Archean,' 
the crystalline rocks of the Shoshone and Havallah ranges are prob- 
ably also intrusive in the Paleozoic and Mesozoic sedimentary 
rocks. 

TEKTIABY LAKE BEDS. 

Around the border of Antelope Valley and in the Reese River val- 
ley upstream from the Reese River canyon the Tertiary lake beds 
are exposed at many places beneath the lava (see PI. XII, A and B) 
or the overlying alluvium. These beds were early classed as Miocgne 
and named the Truckee group." 

In Antelope Valley and in the vicinity of Itahan and Silver creeks 
and the Reese River canyon the beds are composed chiefly of sand 
and clay but include considerable volcanic ash. Associated with the 
unconsolidated materials west of Austin there are beds of hard 
calcareous sandstone, which were also referred to the Truckee by the 
geologists of the Fortieth Parallel Survey. South of the area ex- 
amined by these geologists there are prominent bluffs of light-colored 
sediments. In the vicinity of Schmaling's ranch (see PI. VIII, in 
pocket) and near Warner's ranch there are deposits of coarse gravel 
consisting chiefly of well-rounded fragments of lava. These de- 
posits have been shown on Plate VIII as belonging to the Truckee 
formation, but they may prove on detailed study not to be of this 
formation. 

TEBTIABY LAVAS. 

The lavas of the Reese River basin are chiefly rhyolites, but small 
areas of andesites, trachytes, and basalts were mapped by the Fortieth 
Parallel Survey.* The basaltic rocks seem to be the most recent in 
age. On the east side of Buffalo Valley there are two well-formed 
volcanic cones built up chiefly of trachyte, but the last material 
ejected from their craters is basaltic. In the Humboldt Basin, 
on the east border of Shoshone Mesa 1 or 2 miles south of the canyon 
of Rock Creek, basalt has been poured out over rhyolite, which is the 
prevailing rock, and the black color of the later flows contrasts with 
the prevailing red and brown tones of the earlier rock. 

1 Hill, J. M., Some mining districts in northeastern California and northwestern Nevada: U. S. Geol. Sur- 
vey Bull. 594, p. W, 1915. S. P. Emmons (U. S. Geol. Expl. 40th Par. Rept., vol. 3, p. 324, 1870) considered 
these rocks to be intrusive and hence of later age than the Paleozoic sediments; but King (idem, vol. 1, p. 
75, 1878) seems to have believed them to be Archean and hence to underlie the Paleozoic deposits. 

« Hague, Arnold, and Emmons, S. F., U. S. Geol. Expl. 40th Par. Kept., vol. 2, p. 636, 1877. 

» King, Clarenoe, U. S. Expl. 40th Par. Rept., vol. 1, p. 414, 1878. Emmons, S. F., idem, vol. 2, p. 63Ci, 
1877. 

« U. S. Oeol. Expl. 40th Par. Atlas, maps 4 and 5, 1876. 
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QTTATEBNABY DBPOSTTS. 

The lands in the valleys of Reese and Humboldt rivers are under- 
lain by deposits of alluvium which drilled wells have penetrated for 
depths of several himdred feet without reaching solid rock. In 
Buffalo Valley the geologists of the Fortieth Parallel Survey dis- 
tinguished the finer-grained deposits of the playa, which they called 
"Lower Quaternary" from the prevailingly more sandy deposits 
in the rest of the basin, which they called "Upper Quaternary/' but 
these deposits are now known to be of approximately the same age. 

Records of drilled wells indicate that throughout the Reese River 
basin the deposits in the lower lands are clayey rather than sandy. 
The extensive alluvial fans and slopes that border the lowlands con- 
tain much gravel and angular fragmental material, but the valley 
fill seems to be in large part fine grained and derived from the lake 
beds composing the Truckee formation. On the west side of the 
valley, opposite Austin, the Lincoln Highway crosses Quaternary 
deposits derived from the Truckee beds. In the fall of 1916 the 
road had become greatly cut up by automobile traffic, which rapidly 
wore deep ruts into the floiu*like material. 

PRECIPITATION, 

Records of precipitation have been kept by the United States 
Weather Bureau at Austin (elevation 6,600 feet above sea level) and 
at Battle Moimtain (elevation 4,500 feet). Although the records are 
not complete for every year since the beginning of observations, a 
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Precipitation at Battle Mountaln»Nev. 
FiouBB 4.— Diagram showing annual precipitation at Austin and Battle Mountain, Nev. 

sufficient nimiber of records are available to show that the mean 
annual precipitation is about 12 J inches at Austin and 7 inches at 
Battle Mountain. The monthly and annual records are given in the 
following tables^ and the annual totals are shown graphically in 
figure 4. 
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A. ALLUVIAL SLOPES NEAR MOUTH OF BIG CREEK. LOOKING SOUTHEASTWARD. 



B, INDIAN VALLEY, LOOKING NORTHWARD FROM ITS HEAD. 
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GBOUND WATER IN REESE AND HUMBOLDT RIVER BASINS, NEV. 103 

Precipitation, in inches, at Austin, Nev., 1878-1916,^ 
[No records for 1881-1887, 1899, 1909. 1910. J 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


An- 
nual. 


1878 


0.51 


1.49 


2.08 


1.37 


1.56 


1.52 


0.15 


1.31 


0.85 


0.82 


0.99 


0.12 


12.77 


1879 






2.13 


.58 


.43 


1.45 


.46 


1.15 


.02 


Tr. 


Tr. 


.85 


.85 


1.88 


9.80 


1880 






.34 

".m 

3.64 


1.25 
.30 


1.08 


2.92 
.25 


.56 

".'25' 
1.48 


.01 
Tr. 

":65' 


.11 
.09 

.30 


.11 

"d" 

1.16 


.20 
1.00 










1888 




.60 
.54 
.10 






1889 


2.66 
1.10 




1890 


1.82 


2.98 


1.26 


.45 


.61 


14.95 


1891 






.45 


1.77 


2.01 


2.31 


3.81 


2.64 


1.26 


1.09 


.85 


.34 


.23 


4.31 


21.07 


1892 






.63 


.56 


1.72 


1.34 


1.90 


1.47 


.07 


Tr. 


.18 


.24 


.40 


1.92 


10.43 


1893 






1.22 


1.39 


1.72 


2.86 


.88 





1.02 


.60 


.32 


.07 


.55 


.59 


11.22 


1894 






1.39 


1.89 


1.63 


1.82 


.85 


2.44 


1.27 


.50 


.33 





Tr. 


2.77 


14.80 


1895 






1.43 


1.29 


.49 


.61 


2.66 


.05 


Tr. 


.14 


Tr. 


.51 


1.04 


1.00 


9.22 


1896 






1.39 


.05 


1.30 


1.41 


1.76 


.13 


.85 


.58 


.39 





.41 


.18 


8.45 


1897 






1.30 


2.11 


1.79 


.94 


.61 


.79 


.39 


.38 


.07 


2.76 


.55 


1.20 


12.89 


1898 






1.60 


.27 


1.43 


1.16 


4.18 


.05 


.40 


.66 


.30 


.24 


1.88 


1.14 


13.21 


1900 












2.09 


1.20 


.63 


.79 


Tr. 


.15 


1.03 


.86 


.09 




1901 






i.24 


4.14 


.49 


.15 


2.02 


.05 


.51 


1.84 


.22 


1.79 


.88 


.40 


13.73 


1902 






.43 


1.10 


1.51 


1.18 


.98 





.48 


.32 


.34 




1.26 


.39 




1903 






1.80 


.49 


2.40 


1.91 


1.57 


^ .60 





.30 


Tr. 





.04 


.13 


9.24 


1904 






1.01 


2.22 


.88 


1.98 


1.21 


^ .05 


.31 


1.13 


3.03 




Tr. 


.88 




1905 






.70 
.31 




1.51 


.91 
2.56 


.99 
2.50 


.03 
1.28 


.03 
.23 










.73 
1.83 




1906 


.97 


.60 


.30 


1.41 




1907 






1.74 
1.55 
1.30 














.02 


.91 


.36 


1.00 


2.62 




1908 


1.30 
2.70 


1.55 
1.50 


1.03 
.26 


1.41 
1.12 








1911 


.01 




.05 







.12 


.84 




1912 






.50 
.95 


".'is' 


2.00 
.97 










.65 

2.70 

.13 


"*48' 
.29 


1.60 
.30 
.56 


.40 


.60 




1913 


2.00 




2.86 


1.60 




1914 





.21 




1915 






1.26 


.74 


.94 


4.54 


2.21 





.14 


.41 


.81 


.02 


.01 


1.31 


12.39 


1916 






2.63 


.96 


1.48 


.72 


.22 





.01 


Tr. 


1.28 


8.39 


.80 


.50 


11.99 


Mean of the 15 comDlete reco 


rds '. [ 


' ' 


12.41 





















a U. S. Weather Bur. Bull. W, section 12, p. 2. 
Precipitation, in inches, at Battle Mountain, Nev., 1870-1916.^ 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Not. 


Dec. 


An- 
nuaL 


1870 








0.05 

.38 

1.00 

.05 

.21 

.05 

.75 

.30 

.64 

.63 

.59 

.86 

1.27 

1.12 

1.54 

2.20 

1.72 

1.24 

.35 

.45 

.95 

1.60 

2.55 

1.18 

.40 

.30 

.55 

.36 

.26 

.20 

"'.86' 


0.30 
.65 

1.19 
.49 
.40 
.90 
.24 

l.Ot 

2.17 
.45 
.35 

■'.'55' 

1.27 

1.29 

.61 

.24 

.14 

1.50 

.64 

.25 

1.93 

2.35 

.12 

1.25 

.50 

.90 

.35 

2.93 

.50 

.64 




0.77 
.04 

1.00 




.27 


1.24 
.82 


.28 
.83 
.23 

2.18 
.44 
.21 
.50 
.51 
.23 


1.87 

1.82 
.10 

1.15 



1.22 


1.25 

"d" 




.47 
.50 


.25 


.53 
.20 



Tr. 


.08 
Tr. 



.38 
.12 
.22 



.17 


.30 
.50 
.15 




Tr. 








.02 
.80 
.10 



.90 



.15 


Tr. 
.10 
.33 


.18 



.90 









.81 

.13 





1.31 

.04 



.06 

.60 



.15 

.08 



.16 
1.33 


1.12 



.18 

**:65* 




.11 
.25 
.10 
.10 



.50 


.68 


0130 
.41 
.01 
.05 

1.38 
.76 
.53 
.03 
.31 
.15 

.60 

1.08 
.85 

1.94 


1.20 

.18 

1.55 


.10 
.35 
.05 

Tr. 

.18 

1.90 
.10 

Tr. 


0.59 
.26 
.02 
.07 
.65 
2.45 
1.21 
.40 
.23 
.46 
Tr. 
.56 
.15 
.70 


.72 
1.50 
1.10 
.82 



.25 
.68 
.25 


.37 
.85 
.45 
.32 



0.13 
.95 
.83 

1.20 
.15 
.93 
.12 


.85 

2.07 

1.03 
.30 
.42 

1.82 
.91 
.44 

1.50 

1.89 

1.04 
.30 

3.52 
.83 
.10 

1.15 
.92 
.20 
.91 
.27 
.75 

.60 




1871 

1872 : 


0.12 


.10 
.95 

2.57 
.40 

2.20 
.29 
.65 
.08 

1.23 

1.58 
.86 
.70 
.55 

1.30 
.73 

3.12 
.60 

2.55 
.10 
.32 

1.42 
.38 
.95 
.60 
.69 
.47 

Tr. 

Tr. 
.70 


0.22 
.20 

2.10 

1.56 
.25 
.30 
.53 

1.02 
.25 
.90 
.76 
.70 
.70 

2.30 

1.48 
.10 

1.15 
.30 


.50 
.75 
.58 
.10 

1.25 

1.65 
.10 

1.66 
.06 

Tr. 
.20 

3.70 


0.37 
.43 
.19 

1.07 
.60 

1.05 

2.07 
.44 
.16 

".■45' 

2.10 
.60 

1.04 
.16 
.27 
.30 
.25 

1.16 
.81 
.50 

2.18 
.73 
.28 
.10 
.85 
.54 
.55 

2.23 
.10 



3.87 
6.49 


1873 

1874 


4.31 
7.42 


1875 


8.06 


1876 


6.00 


1877 


6.77 


1878 


7.39 


1879 


4.50 


1880... 




1881 




1882 

1883 

1884 


9.97 
6.76 
14.03 


1885 


7.40 


1886 

1887 


7.54 


1888 


9.79 


1889 


5.67 


1890 


6.26 


1891 

1892 


10.79 
11.77 


1893 

1894 


4.60 
6.46 


1895 


6.04 


1896 


4.23 


1897 


8.08 


1898 


5.46 


1899 


6.74 


1900.- . 




1901 


.25 


.45 


7.37 



o U. S. Weather Bur. Bull. W, section 12, pp. 2-3 
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Precipitation, invnches, at Battle Mountain, Nev., 1870-1916^ — Continued. 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


An- 
nual. 


1908 . . 


0.40 
1.35 
1.10 
Tr. 
,90 


0.68 
.20 

1.72 
.40 


0.85 
.92 
.60 
.28 


o.'so* 

.50 
Tr. 


0.25 
.40 
.75 
.12 




.34 
Tr. 
Tr. 

.45 
Tr. 


.46 

'2.'53' 
1.25 






0.80 


Tr. 





'.'69' 
Tr. 
.51 
.47 
.15 
1.64 
.10 
.08 



0.10 


Tr. 

.15 
Tr. 

.05 



.75 





.20 

.37 


Tr. 




0.19 


1.17 
.10 


1.50 

1.00 
.07 
.39 
.10 
.20 
.67 
.15 

Tr. 


0.10 
.60 

1.55 
.05 

Tr. 

1.00 

■*:26' 

.31 
.10 
1.11 
Tf. 
1.49 
Tr. 


0.70 
.90 

Tr. 

1.00 
.60 


Tr. 
b2.96 
.36 
.20 
.06 

Tr. 
.10 




1.10 

Tr. 

.70 




1903 


6.11 


1904 

1906 

1906 


7.39 
2.80 


1907 


.03 
.90 
.67 
.70 
.40 
.20 
.05 
.25 
.67 
.72 

tereco 


.61 
.04 

1.10 
.08 
.32 

1.00 
.38 

".'20* 
.52 

rds... 


*i.'76* 

.14 

.30 

1.40 

2.90 

if 

2.40 
Tr. 


Tr. 
.83 
Tr. 

1.20 
.20 
.41 
.25 
1.51 
Tr. 


2.05 

.83 

1.23 
.80 
.30 
.78 




1908 


.47 

2.40 

1.60 

1.47 

.20 

.27 

.55 

.30 

1.40 

jomple 




1909 


9.12 


1910 


5.48 


1911 

1912 


6.92 


1913 

1914 


8,56 


1916 


.02 


5.22 


1916 




Mean of the 35 ( 










6.97 











a U. S. Weather Bur. Bull. W, section 12, pp. 2-3. 

SURFACE WATER. 



b Interpolated. 



Reese River is supplied chiefly by its headwaters in the upper 
slopes of the Toyabe Range. It has no lai^e tributaries, and most 
of the oreeks that drain its narrow basin sides are dry during the 
summer. Like many other streams of the arid regions, the river 
itself alternately rises and sinks during the dry season. Near its 
headwaters the river is perennial; but not far below the point where 
it enters the valley the water is diverted into several irrigation 
ditches, and its channel becomes dry during most summers for a 
stretch of 6 or 7 miles between the Derringer and Bowler ranches. 
A short distance above the Bowler ranch the water reappears in 
small amoimt, and downstream it gradually increases in volume. 
The reappearing imderflow is considerably augmented by water 
from a group of springs at the Whaley ranch. The flow is again 
diverted and used in irrigation on the Walsh Hess ranch, and below 
the alfalfa fields and native hay meadows of this ranch the channel 
is usually dry for about 10 miles, to the vicinity of the Gondolfo 
ranch. There the imderflow reappears in several groups of springs 
and is in part again diverted for irrigation, but most of it is allowed 
to sink in the river channel, and during the later part of summer the 
water seldom flows as far north as Boone Creek. The river channel 
from Boone Creek to Humboldt River is dry throughout the summer. 

A record of the flow of Reese River has been obtained by the 
United States Geological Survey at a gaging station on the upper 
course of the river about li miles below Archie Bell's ranch and 
about 7 miles east of Berlin. The gage is a vertical staff on the left 
bank in the SW. } sec. 16, T. 12 N., R. 40 E., about 75 yards above 
Illinois Creek and 100 yards above the headgate of the upper Bell 
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VALLEY OF BOONE CREEK. LOOKING DOWNSTREAM FROM MRS. LITSTER'S 

RANCH. 



B. SPRING IH MILES SOUTHWEST OF ANTELOPE SPRING, IN ANTELOPE VALLEY. 
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GROUND WATER IN REESE AND HUMBOLDT RIVER BASINS, NEV. 105 

ditch. The drainage area is 94 square miles. The observer is Roy 
Bell. The daily and monthly discharge from June 10, 1913, to Sep- 
tember 30, 1916, are given in the following tables: 

Daily discharge^ in second-feetj of Reese ftiver above Illinois Creek for the years ending 

SepL SO, 1913-1916, 



Day. 


June. 


July. 


Aug. 


Sept. 


Day. 


June. 


July. 


Aug. 


Sept. 


1913. 
1 




6.7 




84 
173 
45 


1913. 
16 


9.4 
7.1 
8.2 
8.2 
8.2 

6 

6 

7.1 

6 

6 

8.2 
20 
19 
14 
12 


4 
4 
4 
4 
10.6 

8.2 
2 

4 
4 
4 

4 
4 
4 
4 
4 
4 


4 
4 
4 
4 
4 

4 
8.2 

4 
4 
6 

8.2 
6 

8.2 
10 
6 
4 


2.5 


2 




17 


8.2 


3 




18 


4 


4 




19 


10 


5 




20 


4 


6 




21 


2.5 


7 




22 


8.2 


8 




23 


6 


9 




24 


4 


10 


19 

19 
13 
13 
14 
12 


25 


4 


11 


26 


4 


12 


27 


2.6 


13 


28 


4 


14 


29 


4 


15 


30 


4 




31 












Day. 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


1913-14. 
1 


4.0 
4.0 
4.0 
4.0 
4.0 

2.5 
2.5 
1.7 
1.7 
2.5 

4,0 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.6 
2.5 
2.5 

2.5 
4.0 
2.5 
2.5 
2.5 
2.6 


4.0 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.5 
2.5 
4.0 

4.0 
2.5 
2.5 
2.5 
4.0 

6.0 
4.0 
4.0 
4.0 
4.0 

2.5 
2.5 
2.5 
4.0 
2.5 

2; 5 
6.0 
6.0 
6.0 
4.0 


4 


6 
6 
6 
8 
8 

8 
8 
8 




6 
8 
10 

8 
8 

8 
9 
10 
16 
22 

25 
29 
29 
32 
36 

44 
40 
40 
44 
44 

44 

48 
48 
44 
62 

52 
67 
52 
19 
19 
19 


19 
19 
25 
40 
44 

40 
44 
40 
40 
40 

40 
40 
40 
. 48 
48 

52 
72 
57 
48 
67 

57 
48 
62 
67 
52 

57 
52 
62 
60 
64 


64 
60 
130 
130 
130 

122 
114 
122 
122 
122 

130 
122 
130 
138 
130 

164 
146 
138 
130 
160 

158 
166 
162 
154 
138 

122 
100 
106 
110 
106 
138 


130 
138 
130 
122 
126 

122 
122 
114 
100 
87 

82 

76 
76 
68 
63 

63 
55 
51 
61 
53 

53 
47 
45 
40 
36 

32 
61 
32 
32 
30 


26 
26 
24 
22 
22 

21 
21 
21 
21 
21 

21 
20 
20 
20 
18 

18 
20 
2P 
32 
40 

55 
20 
16 
15 
14 

14 
14 
14 
14 
12 
12 


11 

11 
9.6 
8.5 
8.5 

8.5 
8.5 
8.6 
8.5 
8.5 

8.5 
8.5 
9.6 
9.6 
8.5 

8.5 
8.5 
8.5 
8.5 
6.3 

6.3 
6.3 
11 
8.5 
7.4 

6.3 
5.2 
5.2 
6.3 
6.3 
6.3 


6.3 


2 


6.3 


3 


6.3 


4 


6.3 


5 


6.3 


6 


6.3 


7 


6.3 


8 




7.4 


9 




6.3 


10 








6.3 


11 








6.3 


12 








%\ 


13 








14 








6.3 


15 








6.3 


16 








6.3 


17 








6.3 


18 








6.3 


19 








6.3 


20 






36 

25 
13 

9 

6 

4 

2.5 

6 

6 


6.3 


21 






5.2 


22 






7.4 


23 







7.4 


24 


8.5 


25 






9.6 


26 






11 


27 






7.4 


28 


4 
5 
6 
6 




7.4 


29 




7.4 


30 






7.4 


31 
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106 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 19VI. 

Daily diwharge, in second-feet, of Reese River above Illinois Creek for the years ending 
Sept. 30, 1913-1916— Continned. 



Day. 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jnne. 


July. 


Aug. 


Sept. 


1914-15. 
1 


5.5 
5.5 
5.5 
5.5 
5.5 

5.5 
5.5 
5.5 
5.5 
5.5 

5.5 
5.5 
4.5 
3.5 
5.5 

5.5 
5.5 
5.5 
5.5 
7.0 

7.0 
5.0 
5.0 
6.0 
7.0 

7.0 
7.0 
9.0 
7.0 
7.0 
7.0 

3.1 
3.1 
3.1 
2.9 
3.1 

3.1 
2.9 
3.1 
3.1 
3.9 

4.7 
5.5 
5.5 
5.5 
5.3 

5.1 
5.1 
6.1 


7.0 
7.0 
7.0 
7.0 
7.0 

7.0 
7.0 
7.0 
7.0 
7.0 








7.0 
7.0 
8.0 
8.0 
8.0 

7.0 
7.0 
7.0 
7.0 
7.0 

7.0 
7.0 
7.0 
11 

12 
12 
13 
12 
12 

12 
13 
13 
13 
13 

13 
13 
25 
25 
28 
30 


28 
28 
28 
30 
31 

32 
34 
34 
34 
34 

34 
34 
37 
40 
42 

43 
59 
57 
65 
65 

62 
62 
62 
65 
65 

62 
65 
62 
69 
65 


69 
62 
62 
62 
65 

69 
71 
71 
73 
69 

73 
73 
69 
73 
73 

78 
80 
73 
73 
69 

65 

62 

65 

, 69 

78 

78 
78 
78 
88 
101 
105 


118 
128 
12s 
128 
118 

101 
86 
69 
69 
69 

67 
67 
67 
62 
62 

60 
59 
68 
56 
54 

52 
51 
50 
48 
47 

47 
47 
40 
37 
36 

36 
40 
37 
39 
41 

43 

44 
47 
46 
46 

47 
46 
46 
40 
40 

40 
33 
26 
19 
24 

23 
22 
21 
20 
19 

19 
12 
12 
12 
12 


35 
35 
35 
36 
36 

35 
35 
34 
31 
27 

25 
21 
21 
20 
20 

20 
19 
19 
19 
21 

22 
22 
21 
21 
20 

19 
19 
18 
17 
17 
17 

11 
12 
12 
11 
8.5 

7.6 
8.0 
8.5 
7.9 
8.5 

8.5 
11 
12 
10 

8.5 

8.6 
8.5 
7.9 
8.5 
8.5 

8.5 
7.9 
7.3 
6.7 
6.9 

6.6 
5.1 
5.5 
4.5 
3.5 
3.5 


17 
17 
16 
16 
14 

14 
14 




2 










3 










4 










6 










6 










7 










8 










9 












10 v.... 

11 










1.7 








1.5 


12 










2.3 


13 










2.3 


14 










2.3 


15 










2.5 


le 










2.7 


17 










2.7 


18 










2.3 


19 










2.3 


20 










2.7 


21 










2.7 


22 










2.5 


23 










2.7 


24 










2.7 


25 










3.1 


26 










3.1 


27 










3.1 


28 










3.1 


29 










3.1 


30 










3.1 


31 












1915-16. 
1 










3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.5 

3.5 
3.5 
3.5 
3.5 
3.1 

3.1 
3.1 
3.0 
2.9 
2.9 

2.8 
2.7 
3.1 
3.1 
3.1 
3.1 


3.1 


2 
















2.9 


3 
















2.7 


4 
















2.5 


6 


'"5.* 5* 
5.5 
6.5 
5.5 

5.5 
5.5 
6.1 
4.7 
4.7 

4.3 
4.1 
4.3 
3.9 
8.6 

6.1 
6.1 
6.3 
6.1 
6.6 

6.1 
6.6 
6.6 
6.6 
5.5 


6.6 

4.6 
4.6 
6.1 
6.1 
6.3 

6.3 












2.5 


6 












2.5 


7 










65 
64 
63 
60 

58 
66 
54 
52 
50 

49 
48 
48 
48 
48 

48 
47 
48 
48 
48 

47 
44 
40 
40 
39 
36 


1.9 


8 










1.7 


9 










1.5 


10 










1.9 


11 










2.0 


12 










2.2 


13 












2.3 


14 












2.1 


15 












1.9 


16 












1.9 


17 












2.3 


18 












2.3 


19 










• 


2.3 


20 














2.5 


21 














2.7 


22 














2.7 


23 














2.7 


24 














2.3- 


25 














2.7 


26 














3.1 


27 














2.6 


28 


3.5 












2.0 


29 












1.5 


30 














1.5 


31 



































NoTK.->Discharge estimated as follows: Dec. 7-27, 1913. 3 second-feet; Jan. 9-31 and Feb. 1-19, 1914, 
6seoond-feet; Aug. 8-31, 1915, 10 aecond-feet; Sept. 1-9, 1915, 3.4 second-feet; Oct. 19-27, 1915, 4.3 second- 
feet; Oct. 29-31, 1915, 3.8 second-feet; Nov. 1-6, 1915, 4.9 second-feet; Dec. 1-4, 1915, 5.5 second-feet. No 
records obtained Nov. 11, 1914, to Feb. 28, 1915, and Dec. 12, 1915, to May 6, 1916. 
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17. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 425 PLATE XII 



HEAD OF REESE RIVER CANYON, SHOWING TERTIARY LAKE BEDS ON EACH 

SIDE. 



B. REESE RIVER VALLEY, LOOKING DOWNSTREAM FROM JAMES LITSTER'S 
RANCH; TERTIARY LAKE BEDS ON THE RIGHT. 
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GBOUND WATER IN BEESE AND HUMBOLDT RIVER BASINS, NEV. 107 

Monthly discharge of Reese River above Illinois Creek near Berlin^ Nev.^for the years 
ending Sept, SO, 1913-1916, 



Month. 


Discharge in second-feet. 


Run-off 
(total in 
acre-feet). 


Maximum. 


Minimum. 


Mean. 


1913. 
June 10-30 


20 
10.6 
10 
173 


7.1 
4.0 
4.0 
2.5 


11.2 
4.89 
4.80 

14.2 


467 


July 


• 301 


August... . . . 


296 


September 


845 






The period 








1,910 












1913-14. 
October 


4 

6 

6 

8 

36 

57 

72 

166 

138 

65 

11 

11 


1.7 
2.5 


2.79 
3.47 
3.48 
6.68 
7.23 
29.7 
47.5 
127 
74.2 
21.1 
8.1 
6.86 


172 


November 


206 


December 


214 


January 




343 


February 


2.6 

6 
19 
60 
30 
12 

6.2 

6.2 


402 


March... 


1.830 


April 


2,830 


May...::::::::::::::::::::: ::: 


7,810 


June 


4,420 


July 


1,300 


August 


498 


September ' 


408 






The year ... . 


166 


1.7 


28.2 


20,400 






1914-15. 
October 


9.0 
7.0 
30 
69 
106 
128 
36 
17 


3.6 
7.0 
7.0 

28 

62 

36 

17 


5.89 
7.0 
12.1 
47.6 
73.4 
69.4 
24.4 
11.2 
2.84 


362 


November 1-10 


139 


March . . . 


1 744 


April 


2,830 


May.:::::::::::::::::::: : :: : 


4,510 


June . . 


4,130 


July 


1,500 


August 


680 


September 


1.5 


169 




, ' 




1915-16. 
October 


6.6 
6.6 
6.6 

66 

47 

12 
3.6 
3.1 


2.9 
3.5 
4.5 

36 

12 
8.6 
2.7 
1.6 


4.09 
5.01 
5.?1 
49.9 
31.7 
8.08 
3.31 
2.29 


251 


November " 


298 


Decemberl-11 


114 


May 7-31 


2,220 


June 


1,890 


July 


497 


August 


204 


September 


136 







Measurements of the discharge of Reese River at several points 
made by the writer in September, 1916, and by L. W. Jordan in June, 
1917, are given in the following table: 

Miscellaneous discharge measurements of Reese River at several points. 




1916. 
Sept. 6 
6 

8 
8 
11 
11 
11 
13 
13 
13 
13 

1917. 
June 13 

14 

14 

14 



Mouth of canyon a few yards above Bell's ditch 

Gaging station 75 yards above mouth of Illinois Creek 

East of J. F. Bowler's house •. 

6 miles north of Whaley ranch 

Welch's home ranch 

Tony Gondolfo's house 

Road bridge on Lincoln Hi^way west of Austin 

Malloy's lower ranch 

Mouth of Silver Creek; water flowing to head of field about i mile above mouth of creek. 
3 miles above mouth of Boone Creek (water from Bradley and Watercress springs) . . 

Mouth of Boone Creek 

Thence dry for the remainder of its course. 

Siv. } sec. 16, T. 12 N. , R. 40 E., Just above mouth of Illinois Creek, 2 miles above the 
Bell home ranch 



In T. 15 N., R. 41 E., 1,600 feet downstream from Lander-Nye County line, opposite 
lone butte about 25 miles south of Austin. 



In T. 20 N., R. 43 E ., at first highway bridge across Reese River on the Austin-Battle 
Mountain road near the Malloy ranch and 8 to 10 miles from Austin (water comes 
from marshy land 5 to 10 miles above and is very brackish) 

At mouth of Boone Canyon, 50 to 60 miles south of Battle Mountain(stream is dry at 
this point in years of average run-off) 



2.67 

2.34 

.22 

6.16 

3.90 
1.23 

^& 

Dry. 



68.0 
134 

22.0 
6-10 



Note. — In June, 1917, Reese River was flowing into Humboldt River at Battle Mountain. 
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108 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1917. 

The principal streams in the basin are, from north to south, Mill, 
Fish, Boone, Silver, Big, Clear, and Stewart creeks. In September, 
1916, all these streams were carrying water for some distance below 
the mouths of their canyons. 

A record of the flow of Big Creek has been obtained by the United 
States Geological Survey at a gaging station half a mile above the 
Carter ranch and 14 miles southwest of Austin. The gage used was 
a vertical stafiE on the left bank 100 yards above the head gate of 
Carter's ditch, in sec. 9, T. 17 N., R. 43 E. The drainage area is 
about 12 square miles. The observer was Mae M. Carter. The daily 
and monthly discharges from October 12, 1913, to June 30, 1914, 
are given in the following tables: 



Daily discharge, in second-feet^ of Big Creek half a mile above Carter ranch, 
Nev.Jor the period Oct. 12, 191S, to June SO, 1914. 


near Austin^ 


Day. 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


1 




4.3 
4.1 


4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

3.9 
3.9 
3.9 
3.9 
3.9 

3.9 
3.9 
3.9 
3.9 
3.9 
3.9 


4.1 
4.1 






4.1 
4.3 
4.5 
4.7 
4.9 

5.1 
6.2 
5.4 
5.6 
5.7 

5.7 
5.7 
5.7 
5.7 
5.7 

5.7 
5.7 
5.7 
6.7 
5.7 

6.7 
6.7 
5.7 
5.7 
6.7 

6.7 
5.7 
6.7 
6.0 
6.0 


5.7 
«5.7 
6.0 
6.0 
6.0 

6.0 
6.0 
8.4 
8.4 
8.4 

8.4 
8.4 
8.4 
6.0 
6.0 

6.0 
6.0 
6.0 
8.4 
6.0 

6.0 
7.2 

8.4 
8.4 
8.4 

8.4 
6.0 
6.0 
6.0 
6.0 
10.8 


8.4 


2 




8.4 


3 




8.4 


4. ..J 




8.4 


6..:*::::::::::::::::::::::: 




8.4 


6 




9.0 


7 




10.8 


8... 




9.6 


Q 




9.0 


10 . . 




9.0 


n 




9.0 


12 •. 


4.3 
4.3 
4.3 
4.3 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 


9.0 


13 


9.6 


14 


9.0 


16 


9.6 


16 


9.6 


17 


9.6 


18 


9.6 


19 


9.6 


ao 


9.6 


21 


9.6 


22 


9.0 


23 


9.6 


24 


10.2 


26 


9.6 


26 


9.6 


27 


9.6 


28 


9.6 


29 


9.0 


30 


9.6 


31 











Monthly discharge of Big Creek half a mile above Carter ranch, near Austin, Nev.,for the 
period Oct, 12, 191S, to June SO, 1914. 


Month. 


Discharge in second-feet. 


Run-ofT 
(total in 
acre-feet). 


\ffi.-r|Tir^nin- 


M^nlmnnri 


Mean. 


October 12-31 


4.3 

6!o 

10.8 
10.8 


5! 7 
8.4 


4.14 
4.11 
4.02 
4.10 
4.10 
4.10 
6.47 
7.03 
9.30 


165 


November 


245 


December 


247 


January 


252 


February 


228 


March 


252 


April 


325 


May.v:::::::::::::::::::::::::::::: " : :"•:;• 


432 


June 


553 






The period 








2,700 
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GROUND WATER IN REESE AND HUMBOLDT RIVER BASINS, NEV. 109 

Humboldt River carries only a small amount of water late in sum- 
mer. The principal stream, besides Reese River, that is tributary 
to the Humboldt within the area shown on Plate VIII is Rock Creek. 

A record of the flow of Rock Creek has been obtained by the 
United States Geological Survey at a point about 1 J miles above the 
Rock Creek ranch house, 9 miles northwest of Dunphy, and about 
35 miles north of Battle Mountain. The gage used was a vertical 
staflf near the left end of an old footbridge about a mile above the 
diversion dam at the mouth of the panyon, approximately in sect 
1, T. 37 N., R. 46 E. The drainage area has not been measured. 
The observer was W. H. Muffley. The daily and monthly discharges 
for May 13 to Sept. 30, 1915, are given in the following tables: 

Daily discharge, in aecond-feet, of Rock Creek at Rock Creek ranch, near Battle Mountain, 
Nev.yfor the period May IS to Sept. SO, 1915. 



Day. 


May. 


June. 


July. 


Aug. 


Sept. 


Day. 


May. 


June. 


July. 


Aug. 


Sept. 


\ 
1 




15 
15 
15 
14 
13 

13 
13 
13 
12 
11 

12 
13 
13 
13 
13 


1.5 
1.5 
1.5 
1.0 
.4 

.4 
.4 


4.4 
4.7 
5.0 
5.3 
5.6 

5.8 
6.0 
6.2 
6.4 
6.7 

6.7 
6.7 
6.7 


3.6 
3.6 
3.6 
3.6 
3.6 

4.0 
4.2 
4.4 
4.4 
4.4 

4.4 

4.4 
4.4 
4.8 
5.2 


16 


8.8 
8.1 

10 

13 

15 

17 
15 
13 
14 
16 

17 
16 
15 
14 
12 
11 


13 
12 
12 
U 

7 

2.7 
8.6 
4.4 
4.4 
4.4 

3.6 
3.3 
3.0 
2.7 
2.1 






5.6 


2 . .. 




17 


6.7 






3 




18 






4 




19 








5 




20 








6 




21 








7 




22 








8 




23 








9 


*[ 


24. . . 








10 




25 


4.4 
4.4 






11 




26 






12 




27 






13 


12 
11 
9.5 


28 






14 


29 


3.6 
3.6 
3.6 




15 






30 










31 











Note.— Discharge estimated as foUows: July 8-16, 3.5 second-feet; July 1^24, 5.6 seoond-feet; Aug. 
14-28, 5.2 second-feet; Sept. 17-^, 5 second-feet. 

Monthly discharge of Rock Creek at Rock Creek ranch, near Battle Mountain, Nev.,for the 
period May IS to Sept. SO, 1915. 



Month. 


Discharge in second-feet. 


Run-off 
(total in 
acre-feet). 


Maximum. 


Mfntmnm. 


Mean. 


May 13-31 


17 

15 
6.7 
6.7 
5.6 


8.1 

2.1 

.4 

3.6 
3.6 


13.0 
9.57 
8.71 
5.32 
4.61 


491 


June 


569 


July 


228 


August . 


327 


September 


274 






Theneiiod 




1 


1,890 






1 ' ' 
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110 OONTBIBUnONS TO HYDEOLOGY OF UNITED STATES, 191'7. 

Miscellaneous discharge measurements made by the writer during 
the reconnaissance are given in the following table: 

Miscellaneous discharge measurements in Reese River and Humboldt River basins^ Nev., 

1916, 



Date. 



Stream and locality. 



Discharge 
in second- 
feet 



Sept. 6 

6 

6 

. 6 

6 

13 

13 

14 

15 

15 

15 

20. 

21 

21 



Bell's ditch 300 yards below its intake from Beese River 

Stewart Creek at Schmaling's ranch 

Stewart Creek 3 miles above Schmaling's ranch 

Clear Creek at Gooding's ranch 

Silver Creek at upper (eastern) road crossing 

Boone Creek at Mrs. Litster's ranch 

Boone Creek at Boone Creek ranch 1 

Fish Creek at Fish Creek ranch 

Mill Creek at mouth of its canyon 

North Fork of Mill Creek 25 yards above its Junction with South Fork. . , 
South Fork of Mill Creek 25 yards above its junction with North Fork.. 

Humboldt River at road crossing Ih miles southwest of Kampos 

Rock Creek at bridge at mouth of Its canyon 

Rock Creek 1 mile above the bridge 



0.8 
.2 
.6 
.2 
.20 
.15 
.10 
.GO 
.20 
.15 
.30 

1.75 
.30 



SOURCE AND DISCHARGE OF GROUND WATER. 

Practically all the groimd water of the Reese River valley is 
derived from the precipitation within the drainage basin. The bed- 
rock constitutes a relatively water-tight basin, which is deeply filled 
with imconsolidated deposits in which the ground water is stored. 
Some water is supphed to this imderground reservoir directly by the 
precipitation on the valley lands, but the greater part is supplied 
by the nm-off through the numerous canyons, whose water rapidly 
sinks in the loose materials of the alluvial slopes below the canyon 
mouths. 

The contributions of water to the undergroimd supply are offset 
by losses through percolation out of the basin, through evaporation 
and transpiration from moist areas, and through discharge of springs. 

The undergroimd percolation from the Reese River valley to Hum- 
boldt Valley is probably slight, because the gradient of the lower part 
of the Reese River valley is low. 

In the areas of appreciable discharge through evaporation where 
the water table is within the capillary limit^ of about 10 feet below 
the surface the evidence of constant evaporation is usually shown 
by the dampness of the groimd, by alkaline deposits, or by the 
growth of certain plants, chiefly salt grass and various bushes. 
Ground water is less than 10 feet below the surface of nearly all 
the cultivated land in the Reese River basin. These lands are 
devoted chiefly to growing native hay, but there are a few fields of 
alfalfa. Along Humboldt River, however, much of the native-hay 
land is irrigated by ditches from the river, and the ground water 

1 Lee, C. H., An intensive study of the water resources of a part of Owens Valley, Cal.: U. S. Geol. Survey 
Water-supply Paper 294, 1912. Meinzer, O. E., Geology and water resources of Big Smoky, Cla3rton, and 
Alkali Spring valleys, Nev.: U, S. Oeol. Survey Water-Supply Paper 423, pp. 99-102, 1917. 
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GROUND WATER IN REESE AND HUMBOLDT RIVER BASINS, NBV. Ill 

is shown by wells to be at a somewhat greater depth than the 
probable hmit of appreciable discharge through evaporation. The 
areas both of cultivated land and of ground-water discharge through 
capillarity are shown on Plate VIII (in pocket). 

There are not many springs in the drainage basin of Reese River. 
Most of them are in the mountains and are suppHed by rain and 
snow water from the adjacent slopes. Some of the springs in the 
lowlands, such as Moimd Spring, the hot springs east of Fish Creek, 
and the hot springs in Buffalo Valley, are probably suppUed by 
deep-seated water that rises along fault fractures and does not represent 
leakage from the valley fill. Antelope Spring and the springs south- 
west of it (see PI. VIII, in pocket, and PL XI, B) and Bradley and 
Watercress springs seem to be suppUed by water stored in materials 
of the Truckee formation, above the valley lowlands. Buffalo and 
Kane springs, in Buffalo Valley, are apparently suppUed by water 
under artesian pressm-e stored in the alluvial slopes at the base of 
the Havallah Range. A spring (No. 12 on PI. VIII) in the lowland 
southwest of Battle Mountain seems to be suppUed from the water 
table, at a place where the ground surface is depressed a few feet 
below its mean level. The springs along the river channels near 
Tony GondoKo's ranch, 'm. the valley above Austin, represent the 
return of the imderflow to the surface. The springs at Whaley's 
ranch issue from the aUuvial slope on the west side of the lowland 
and discharge water stored in the imconsolidated material. 

WATER TABLE. 

Practically all the wells in the area at the time of examination are 
shown on Plate VIII, except those at Battle Mountain, where there 
are about 40 small flowing wells. Enough wells have not been sunk 
on the slopes bordering the lowktnds to ascertain the depth to water 
beneath these slopes, but the valley areas within which the water 
table is less than 10 feet below the surface are shown on Plate VIII, 
and the depth to water in the weUs examined is indicated. 

From the shallow-water ^xeas the water table rises toward the 
moimtains on a grade considerably less than that of the surface, so 
that the depth to water increases rapidly with increased elevation 
above the lowlands. The only measurement obtained that affords 
definite information as to the slope of the water table was that of the 
well at the O'Toole ranch (No. 83 on PL VIII). The depth to water 
there is 80 feet, and the mouth of the well is about 130 feet above 
the lowland near the river, a mile to the west, where the depth to water 
is about 10 feet. The water table in this vicinity therefore seems to 
rise to the east at the rate of 60 feet to the mile, having a gradient 
about half as steep as that of the surface of the ground. The slope 
of the water table in different parts of the basin depends on the sup- 
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ply of ground water, the slope of the surface, and the character of 
the material m which the water occurs. The single observation 
given can not be applied indiscriminately to other parts of the basin. 

QUANTITY OF GROUND WATER. 

Studies of the amount of ground-water intake were not made by 
measurements of the perennial and intermittent streams, nor of the 
ground-water discharge by a survey and detailed examination of the 
areas where the water table is within 10 feet of the surface. Neither 
are figures at hand to show the depth and porosity of the vaUey fill. 
Any numerical estimate of the total amount of ground-water 
stored in the valley fill of the Reese River basin would therefore 
seem to be a mere guess. As the annual supply of surface water is 
not sufficient to make the river perennial, even in the upper half of 
its course, the annual intake of ground water must be comparatively 
small, though records of drilled wells indicate that the valley fill is 
several hundred feet deep and therefore has large storage capacity. 
Test wells show that the materials are prevailingly fine grained, how- 
ever, and that the rate at which water can be recovered by pumping 
is slow. 

The depth to water is less in the upper part of the Reese River 
valley, south of the Reese River canyon, than it is in the lowlands 
north of the canyon. The amoimt of available ground water is 
therefore presimiably greater in the upper part of the vaJley than 
in the lower part. Antelope VaUey probably contains a relatively 
smaU amoimt of groimd water, for its drainage basin is small and its 
lowland seems dry. Buffalo VaUey receives considerable water 
from the high slopes of the Havallah Range and from the drainage 
basin that extends northward between Battle Moimtain and the 
Havallah Range. It apparently has a more plentiful supply of 
ground water than Antelope Valley, and its water table is less than 
10 feet below the surface in the lowest part of the valley. 

ARTESIAN CONDITIONS. 

In the town of Battle Mountain drilled or bored wells that yield 
artesian flows under small head furnish the water supply. In 1916 
43 flowing wells were reported in the town and vicinity. There are 
said to be four horizons of flowing water, at about 100, 180, 250, and 
300 feet below the surface. The greatest static head encountered' 
is reported to have been about 16 feet above the surface. The artesian 
head has dechned noticeably since the Southern Pacific Co. drilled 
a deep well in the town and has been pumping large quantities of 
water from it to supply locomotives. On the north side of Hum- 
boldt River four flowing wells (Nos. 2, 3, 4, and 18, PI. VIII), were 
drilled prior to 1904, and in 1916 each of these was flowing a few 
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gallons a minute. On the Jenkins Martin ranch, 9 miles south of 
Battle Moimtain, there were three wells that barely flowed. 

In the Reese River vaUey above the canyon several weUs have 
been drilled in attempts to develop artesian flows to supply stjock- 
watering troughs. A welf (No. 56) drilled 210 feet deep near the 
border of the lowland, 1 J miles north of Boone Creek, struck water 
under shght artesian head, sufficient to bring it within 3 feet of the 
surface, or about 8 feet above the ground-water level. On James 
Litster's ranch a casing sunk 15 feet into a small spring (No. 54) yields 
a slight flow, and in 1916 a well wasT>eing drilled a few yards from it, 
in an attempt to obtain a larger flow. A well (No. 63) drilled near 
Bradley Springs yields a small flow. On the Walsh home ranch a 
flow of 8 gallons a minute was obtained at about 450 feet. On W. S. 
Carter's desert claim a 200-foot well (No. 78) obtained a flow of 10 
gallons a minute, but another well 505 feet deep, drilled on the same 
tract, failed to strike flowing water. Fred Ahlers has two wells (Nos. 
80 and 81) 6 feet apart and 107 and 110 feet deep. The shallower 
one yields a sHght flow. In the other the water stands 2 feet below 
the surface. On the Walsh Hess ranch a well was drilled 860 feet 
deep in an unsuccessful attempt to develop a flow. 

Above the Reese River canyon the prospects of obtaining flowing 
wells are1>est in the lowlands near the river, as shown by the success 
of the well at the Walsh home ranch and to a less extent by that on 
W. S. Carter's desert claim. The Ahlers wells seem to be at about 
the eastern hmit of artesian flow. The wells drilled in this part 
of the valley encountered only clay and very fine sand, the flows 
being obtained from a fine black sand. None of the weUs encoun- 
tered coarse material that might readily yield water. 

In the places along the Reese River valley where extensive alluvial 
slopes exist small suppUes of flowing water can probably be obtained 
by wells put down along the lower margins of these slopes. It 
seems improbable that the underflow of Reese River itself develops 
sufficient head to yield artesian flows. The underflow of Big Creek 
and adjacent canyons probably suppUes the Carter and Ahlers 
flowing wells and al^o the one at Walsh's home ranch. Flows can 
probably be obtained along the east border of the lowlands between 
Italian Creek and Watercress Springs, on the west border near Fish 
Creek, on the east side between Mill Creek and Crum Creek, and 
near the playa in Antelope Valley. In Buffalo Valley Buffalo 
Springs and Kane Springs seem to be supplied by water under 
artesian pressure below the alluvial slopes to the west. In the 
vicinity of Battle Mountain and probably along the valley of Hum- 
boldt River above and below this town flowing water imder a small 
static head can doubtless be obtained over a much greater area 
than is at present outlined by flowing wells. 
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Throughout the Reese River basin and adjacent portions of the 
Humboldt basin the artesian head is small and the water-bearing 
beds consist largely of fine sand. The prospects of developing flow- 
ing wells of large yield are therefore not encomraging. 

QUALITY OF GROUND WATER. 
OBNE&AL CHARACTEB. 

Analyses of samples of water from wells and springs in the Reese 
River basin (see table, pp. 125-129) show that the waters are quite as 
good as those in other valleys of the arid West. Although the grade 
of Reese River is not great and its discharge is small, the basin as a 
whole is well enough drained to prevent the accumulation of alkali 
in the valley lands. Most of the waters are satisfactory for domestic 
use and for irrig^.tion, but more than half of those examined would 
form excessive quantities of scale or cause foaming in boilers. 

The water from most of the drilled wells is more satisfactory for 
ordinary uses than that obtained from shallow dug wells, and the 
water obtained from springs is apparently poorer than that from 
the deep wells but better than that from the shallow wells. This 
relation is shown by the following table: 

Average^ maximum, and minimum content of chemical constituents in water from dug 
wells, drilled welts, and springs. 

[Parts per milUon ezoc t as otherwise designated.] 



Dug wells (21). 



Aver- 
age. 



Maxi- 
nuun. 



Mini- 
mum. 



Springs (6). 



Drilled wells (9).o 



Aver- 
age. 



Maxi- 
mum. 



Mini- 
mum. 



Aver- 
age. 



Maxi- 
mum. 



Mini- 
mum. 



Silica (SlOi) 

Iron(Fe) 

Calcium (Ca) 

Magnesium (Mg) 

8o(uum and potassium(Na+ K)& 

Crrbonate radicle (COs) 

Bicarbonate radicle (HCOa) 

Sulphate radicle (SO4) 

Chloride radicle (Cl) 

Nitrate radicle (N0|) 

Total dissolved solids at ]80°C. . 



40 



.03 



64 
17 

131 
14 

304 

111 
78 
19 

638 

229 

260 

350 

Alkali coefficient (inches) e I 23 

Depth of well(feet) I 26 

Depth to water (feet) I 20 



.30 



Total hardness as C-iCOg c 

Scale-forming constituents c . 
Foaming constituents e.. 



67 

125*' 
42 
587 
168 
793 
601 
557 
80 
2,133 

394 

420 

1.600 

79 

108 
80 



17 

.02 
21 
6.7 
32 

.0 

107 

20 

16 

.0 

281 

80 
130 
90 
24 

7 
6 



60 
Tr. 
60 
9.3 
123 

2.3 
392 
86 
28 

1.0 
580 

188 
250 
330 
80 



117 
Tr. 
123 

36 
327 

14 
761 
227 

50 
6.0 
1,032 

455 
460 
880 
100 



35 

Tr. 

30 

10 

16 

.0 
129 

22 

16 
.0 
252 

76 
180 
43 
2.5 



Tr. 

60 

18 

32 
9.6 
222 

56 

25 

. .0 
370 



250 
87 
100 

254 



73 

Tr. 
157 

52 

50 

88 
670 

80 

84 

.0 
694 

606 
580 
140 
290 

600 
16 



17 
Tr. 
23 
Tr. 
2.8 
.0 
44 
24 
6.0 
.0 
2S5 



120 
8 
19 

25 

(^) 



<s Well No. 54 omitted; sample contained vegetable matter; water probably of surfsoe origin. 
6 Calculated. 

e See standards for classification given in U. B. Geol. Survey Water-Supply Paper 308, pp. 50-81» 191& 
i Seven of the nine drilled wells are flowing. 
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WATEA FBOH DUO WELJuS. 

The effect of evaporation and transpiration, the processes that 
tend to concentrate natural waters, is shown in the analyses mainly 
by the greater amount of total dissolved mineral matter, most of 
which consists of the more soluble salts, for the less soluble salts 
are more readily precipitated. As a net result, therefore, of evapo- 
ration and transpiration the water remaining in the ground contains 
relatively more of the alkaUes and less calcium and magnesium 
than water not thus concentrated. As these processes are active at 
the surface of the ground, the water of many shallow wells contains 
large amounts of sodium and potassium, carbonate, bicarbonate, sul- 
phate, and chloride and is therefore high in total soUds. 

The content of total sohds in the water from dug wells in the 
Reese River basin ranges from 281 to 2,133 parts per miUion; the 
average is 638 parts. The proportions of calcium and magnesium 
are relatively large, as would be expected from the fact that the 
rocks of the region are calcareous, but in many of the waters the 
alkalies greatly exceed the alkaline earths. Carbonate is present 
in the water of 8 of the 21 dug wells, and in that of one of the 
wells it amoimts to 168 parts per milUon. The content of bicarbonate 
ranges from 107 to 793 parts per million, averaging 304 parts. Sul- 
phates and chlorides are high in some of the waters, but in only a 
few are they present in excess of other acid radicles. 

The presence of organic matter in excessive* amounts is worthy of 
mention. Nitrate is normally absent from ground waters or is present 
in only small amounts, for rocks as a rule contain only traces and soils 
but little more. The nitrate in these well waters is probably derived 
from decayed organic matter and indicates pollution by sewage, which 
may seep from near-by barnyards, privies, or cesspools through the 
ground and into the wells, or may fall into the wells through open 
tops or through covers that are not water-tight and dirt-proof. Many 
shallow wells are thus contaminated, and if analyses of waters from 
such wells show that nitrate amoimts to more than a few parts per 
million the sanitary conditions surrounding the wells should be care- 
fully examined, possible sources of pollution should be removed, covers 
should be so fitted that waste water will drain away from rather than 
into the well, and farm animals should be kept at a safe distance. 

Most of the waters a?e of the carbonate type, ten (Nos. 5, 37, 43, 
50, 72, 74, 82, 83, 85, and 98) being calcium-carbonate and eight 
(Nos. 6, 7, 8, 20, 46, 55, 66', and 87) sodium-carbonate. Of the three 
remaining, two (Nos. 34 and 49) are sodium-chloride waters and one 
(No. 32) is a calcium-sulphate water. 

Six of the waters (Nos. 32, 34, 37, 49, 66, and 72) have been classed 
as bad for domestic use, chiefly because of their hardness but partly 
because they contain excessive amoimts of chloride and sulphate. 
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The Other fifteen (Nos. 5, 6, 7, 8, 20, 43, 48, 50, 55, 74, 82, 83, 85, 87, 
and 98) range in quality from fair to good for drinking and cook- 
ing, so far as mineral content is concerned, though they may be pol- 
luted, as has been suggested in connection with the discussion 'of 
nitrate. None of the waters can be classed as good for use in boilers, 
and only four (Nos. 7, 20, 87, and 98) have been classed as fair; the 
rest (Nos. 5, 6, 8, 32, 34, 37, 43, 46, 49, 50, 55, 66, 72, 74, 82, 83, 85, 
and 98) are poor or very bad, for they contain in too great amount 
constituents that cause incrusting and foaming, and the water of 
one well (No. 32), if used for making steam, would probably corrode 
the boiler. 

Although many of these waters are not satisfactpry for domestic 
supplies or for use in boilers, most of them can be used for irrigation 
without danger to crops from deposition of alkali. Three of the 
waters (Nos. 34, 49, and 55) are classed as poor for irrigation, but 
the first two are sodium-chloride waters that would probably leave in 
the soil the less injurious '* white alkali," and the third is a sodium- 
carbonate water which might leave '^biack alkaU'' upon evapora- 
tion. This water (No. 55) might be used to grow some of the crops 
more resistant to alkali if carefully appUed to land that had been 
treated with gypsum and was adequately drained. 

WATEB FBOH SPBINOS. 

Analyses of samples, of water from six springs in this aiea appar- 
ently indicate that the spring waters are not so highly mineralized 
as the water from dug wells, the average content of total soUds in 
water from springs being 580 parts per milUon, whereas the average 
for water from dug wells is 638 parts per miUion. The average con- 
tent of siUca and bicarbonate is higher in the spring waters than in 
the water from the dug wells, but that of the other constituents is 
lower. The water of only one spring (No. 90) is reported to contain 
nitrate, and that water only 6.0 parts per million, an amount that is 
small when compared with such an amount as 80 parts per milUon 
in the water of the shallow dug wells (p. 114). 

The waters of three of the springs (Nos. 24, 60, and 90) are calcium- 
carbonate, and three (Nos. 41, 47, and 48) are sodium-carbonate 
in character. The water of well 24 has been classed as bad for 
domestic use because of its hardness (455 paFts per milUon), but the 
other five (Nos. 41, 47, 48, 60, and 90) are fair or good for drinking 
and cooking. In general they are not well suited for use in boilers, 
though the water from springs 60 and 90 would form in boilers only 
a moderate amount of soft scale. 

Two of the spring waters (Nos. 41 and 48) contain such quantities 
of alkalies as to be unsatisfactory for use for irrigation imless on 
lands that are exceptionally well drained. The water from spring 41 
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is not now used for irrigating crops, but that from spring 48, although 
used for irrigation, is hkely to cause trouble if precautions are not 
taken to prevent accumulation of alkali in the soil. Water from the 
other four springs (Nos. 24, 47, 60, and 90) is better adapted for use 
in irrigating. 

WATEB FBOH DBILI^ED WELLS. 

Samples of water from ten drilled wells in the area covered by this 
report were analyzed. Eight of the wells exceed 100 feet in depth; 
two (Nos. 39 and 54) are 25 and 15 feet deep, respectively. Although 
No. 54 is a drilled well the water from it is evidently derived from 
surface run-oflf or from material lying Uttle below the surface, for it 
isi totally unlike that from other drilled wells, contains much mineral 
matter, largely alkalies and bicarbonate, is only fair for domestic 
use, and could not be used satisfactorily in boilers or for irrigation 
without special precautions. The analysis has therefore not been 
included with the others in the table on page 114. 

In almost all the analyses of the water from drilled -wells the 
averages of constituents (table, p. 114) are lower than those shown 
by analyses of the water from dug wells. This statement is especially 
true of the alkaU (Na+K) and the acid radicles (COs, HCOs, SO4, 
CI, and NOg). In only one of the samples, that from the shallow 
well (No. 54) discussed above, was nitrate reported present. This 
apparent absence of the oxidation products of decayed organic 
matter gives considerable assurance that the waters from these 
drilled wells are free from contamination by sewage and are therefore 
safe for human consumption. 

Six of the drilled wells (Nos. 17, 30, 39, 76, 78, and 80) yield calcium- 
carbonate waters, two (Nos. 4 and 22) sodium-carbonate waters, 
and the remaining well (No. 26) a sodium-sulphate water. 

Only one of the nine waters averaged (that from well 80) is classed 
as bad for domestic use; the rest are either good or fair. Well 39, 
on the Indian ranch, is an exception to the rule that shallow wells 
are distinctly inferior to deeper ones, so far as quaUty of water is 
concerned. This well is only 25 feet deep, yet its water is but 
moderately minerahzed, is fair for domestic use, and is good for 
irrigation; it might be satisfactorily used in boilers if np better 
supply were available, but if so used should be softened by treatment 
with lime. 

The average content of total solids in the nine wells — 370 parts 
per million — ^is decidedly lower than that for springs, which is 580 
parts, and approximately 50 per cent of the average for dug wells, 
which is 638 parts per million. 
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SX7MMABY OF QUALITY OF WATER. 

1. Dug wells furnish water that is generally satisfactory, so far 
as mineral content is concerned, for domestic use, good or fair for 
irrigation, and poor for use in boilers. If the water is to be used for 
domestic supply, such wells must be carefully located and protected 
from pollution. 

2. The water from springs is usually satisfactory for domestic 
use, poor for boilers, and better than that from dug wells for irrigation. 

3. The deeper drilled wells, if property cased to exclude water 
from near the surface, will yield water that is more satisfactory for 
general uses than either dug wells or springs. 

WATER SUPPLIES. 

DOMESTIC SUPPLIES. 

Most of the residents in and near Battle Mountain are supplied 
from flowing wells 2 or 3 inches in diameter, but a few are supplied 
by shallow wells that tap only the superficial ground water. In the 
Reese River basin water on the ranches is obtained chiefly from 
shallow, dug wells, but springs supply a few ranches, including the 
Wilson ranch (No. 24, PL VIII), the Hotspring ranch (No. 48), and 
the Warner ranch (No. 90). A few others, as the Fish Creek and 
Boone Creek ranches, are supplied by perennial streams. 

PUBLIC SUPPLY. 

The only pnbUc supply in the area is that of Austin. Water for 
this town is furnished by a spring on the higher slopes to the south- 
east and is piped down to a tank and a reservoir on a knoll in the 
town. Thence it is distributed through several lines of pipe. The 
yield of the spring was not learned, but it is said to be ample through- 
out the year for the needs of the town. 

STOCK SUPPLIES. 

In the mountains there are a few small springs* that supply the 
range cattle in the later part of the summer, when most of the 
canyons become dry. In the lowlands Reese River furnishes the 
principal stock supply where its flow is perennial, and in the upper 
part of the valley flowing wells are obtained. In the lower part of 
the Reese River valley there is in summer a serious lack of watering 
places, however, and although there has been some attempt to over- 
come this lack by means of flowing wells, efforts to obtain flows have 
in most locaKties not proved successful. It seems probable that in 
the lower part of the Reese River valley pumped supplies must be 
relied upon, perhaps by the use of windmills. The water from flowing 
wells is exceptionally good stock water for winter use because it is 
comparatively warm and hence does not chill the animals. 
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INDXJSTBIiLL 8UPPLZB8. 

Industrial supplies in the area were in 1916 limited to those used 
by the railroad companies. At Battle Moimtain the Southern Pacific 
Co. has a 480-foot well and a pumping station which supplies the 
needs of locomotives and of cattle that are being shipped. The 
Western Pacific Railroad hasf a shallow dug well of large diameter 
at Kampos, which supplies the locomotives, and another shallow 
well of large diameter at Dunphy, where the watering of cattle being 
shipped on this line is in part done. 

IRRIGATION FROM WEIjIjS. 

DEVELOPMENTS. . 

In 1916 irrigation from wells had been attempted in only two places 
in the area examined — on the desert claim of Ram6n Oyarbide, 8 
miles south of Battle Mountain, and on the desert claim of W. S. 
Carter, 8 miles southwest of Austin. Mr. Oyarbide had two small 
pumping plants, consisting of distillate engines and centrifugal 
pumps, lifting from the groimd-water level, about 15 feet below the 
surface. Mr. Carter was depending on a fl.owing well for the irrigation 
of a portion of his claim. Both developments had been made only a 
short time, and no crop had been planted on either claim. 

Although there are a number of flowing wells in the Reese River 
and Humboldt River basins, the examination indicates that the 
artesian head is small and that flows sufficient for irrigation prob- 
ably can not be obtained. Irrigation with ground water must be 
accomplished chiefly by pimiping. 

WELL CONSTRUCTION. 

Water can be easily obtained by digging wells in the lower parts 
of the Reese River and Humboldt River valleys, but such wells 
can not be cheaply sunk to depths very far below the water table, 
because of the necessity of cxu*bing. Dug wells sunk only a short 
distance below the level at which water is struck can not furnish 
laige supplies. Wells simk to obtain artesian flows for domestic 
use or for stock or to obtain supplies for irrigation by pumping prob- 
ably will have to be put down more than 100 feet. 

Ordinary cable drilling rigs have been used with good residts in 
sinking wells in this region. Hydraulic outfits, in which water is 
pumped down through hollow drill rods and comes up on the out- 
side^ bringing the drillings with it, are well suited for cheap, efficient, 
and rapid work in the deep, fine-grained, unconsolidated deposits 
of the Reese River and Humboldt River basins. In drilling by this 
method the ascending muddy water plasters the walls of the well 
and produces an effective coating. Even in a deep well in soft 
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materials it is generally not necessary to insert casing until drilling 
has been completed; and in some localities where the materials are 
clayey, casing of the lower part of the well is unnecessary. Hydraulic 
machines are much used for sinking wells 2 to 4 inches in diameter, 
and these could be put down cheaply in order to test the water 
supply prior to imdertaking irrigation development. The machines 
are, however, too light for the efficient sinking of wells 6 inches or 
more in diameter, and wells of relatively large, diameter are desir- 
able for pumping supplies. The ordinary cable tools are probably 
best adapted to drilling wells for irrigation in this area. 

For pump wells 6 inches in diameter or larger "stovepipe'' casing 
of heavy sheet iron forms a very serviceable and t-elatively cheap 
casing. It is made of 2-foot sections, of two sizes, one of which 
sHps snugly over the other, with the ends breaking joints. The 
casing is built up and forced down the well as drilling progresses. 
As casing of this kind leaks at the joints it is not suitable for use 
in flowing wells, in which the more expensive but water-tight screw 
casing must be used. In pump wells the casing should be perfor- 
ated at every satisfactory water-bearing bed, either before or after 
the iQsertion of the casing in the well. Where flowing water ig 
encotmtered in valley fill there are usually satisfactory artesian beds 
at two or more horizons, and in order to get the maximum yield all 
of them should be penetrated by the drill, and the casing should be 
perforated throughout the thickness of each artesian bed. 

Quicksand does not seem to have been encountered in quantities 
so large as to seriously hinder drilling in wells that have been sunk 
in the area examined. The fine materials seem to consist qt clay or 
sandy clay and to be easily handled by experienced drillers. 

BBCOVEBY OF WATEB. 

The depth to which it is advisable to drill wqUs to be pumped 
for irrigation differs greatly from place to place, depending on the 
character of the valley fill. The available data indicate that along 
the borders of the Reese and Humboldt river valleys it probably 
will not be of advantage to sink more than 200 or 300 feet. In the 
lower lands, near the troughs of the valleys, sufficient water for small 
pumping plants can probably be obtained from wells less than 200 
feet deep, if they are properly cased and perforated. In places where 
coarse water-bearing material is obtained 'at shallow depths two or 
more relatively shallow drilled wells may yield a larger total supply 
than one deep well. For economy in pumping, wells that are near 
each other are usually connected to the same pump. 

Care should be taken to insure as large a recovery as possible from 
each well by perforating the casing at every suitable water-bearing 
bed with as many and as large perforations as is practicable, and 
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in finishing the well to clean it thoroughly by strong pumping in 
order to remove the fine sediments and thus produce a strainer of 
gravel and coarse sand aroimd the casing. Large yields keep down 
the cost of well construction per unit of water developed and, by 
lessening the drawdown, keep down the cost of lifting water. 

Horizontal centrifugal pumps are generally used in areas where 
the pumping lift is not great, and as the ground-water level is at 
shallow depths throughout most of the lowlands of the Reese River 
and Humboldt River valleys such pumps will doubtless prove best 
adapted to raise water for irrigation in this region. The pump should 
be set in a pit just above the water level, so as to work under as low 
a suction lift as possible, and the size of the pump should be care- 
fully chosen with respect to the capacity of the well. Care should also 
be taken that the discharge from the pump is no higher than is neces- 
sary, for the power required for pumping depends on the height to 
which the water is lifted, and the cost of power is one of the largest 
costs in irrigation by pumping. 

For the Reese River basin, where electric power is not available for 
pumping, distillate or oil engines are probably the most suitable power 
units. The cost of pumping depends largely on the efficiency of the 
pumping plant, and after the size of pump best adapted to the ca- 
pacity of the weU and the pumping lift has been determined the 
engine should be properly chosen with respect to it. An engine that 
is larger than is necessary to run the pump or ona that is too small 
to run the pump at proper speed will make the cost of pumping 
needlessly high. Most of the manufacturers of pumping machinery 
have in their service experts who will assist farmers in planning 
installations suitable to the local conditions of ground water and the 
irrigation development that is to be imdertaken. 

ABEAS. 

The lands that seem to be best adapted to irrigation by wells in 
the upper part of the Reese River valley are along ^ the east side 
between Big Creek and Austin. Farther up and down the valley 
and also along the west side the soil is composed to a large extent of 
clay, probably derived from the Truckee formation, and is of poorer 
quality than the alluvial material along the bases of the fans of Big 
Creek and adjacent canyons. Much of the meadow land along the 
river between the Walsh Hess ranch and LedUe could probably be 
made more productive than it is at present by following irrigation 
with flood water by irrigation with pumped water. The land in 
the lower part of the Reese River valley, along the east side, below 
the Hotspring ranch, although covered largely with an unpromising 
growth of arid-land shrubs, can be made productive by irrigation, 
as is shown by a large alfalfa field; irrigated by stream water at the 
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Jenkins home ranch. The lands near the river channel are so barren 
as to make it xmwise to attempt irrigation unless careful tests show 
that both the soil and the ground water available for irrigation 
are so free from alkali that it will not cause trouble. Antelope 
Valley is rather barren, but there may be a supply of ground water 
of sufficient purity for use in irrigation within easy pumping reach. 
The lower part of Buffalo Valley is an alkali-incrusted flat, but the 
gentle slopes that border it on the west and north are probably imder- 
lain by water of fair quaUty within 50 feet of the surface; and pump- 
ing irrigation might be developed to a considerable extent on these 
lands. Along the valley of Humboldt River shallow water is avail- 
able for pumping, and in some places this water can doubtless be 
advantageously developed for irrigation as auxiUary to the surface- 
water supply. 

CB0P8 AND KABEETS. 

The short growing season, with cold ^ring and autumn, limits 
the variety of crops that can be grown in the region, and the lack of 
transportation facilities in parts of the area examined also places 
restrictions on the kinds of crops that can be profitably grown. 
Austin and Battle Mountain furnish only small markets for such 
hardy v^etables as can be grown. The chief agricultural interest 
is directly related to stock raising, principally of cattle, and alfalfa 
promises to be the most profitable irrigated crop, to be grown for 
local use as winter feed. 
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• WELLS AND SPRINGS. 

The following list is believed to include all the important springs 
and nearly all the wells, except some of those in Battle Mountain, 
that had been sunk at the time the region was examined. The 
figures giving the depth to the water table at each well probably 
show with fair accuracy the depth to water in the vicinity of the 
well. It should be noted that the figures indicate the depths to the 
water table, which is not the same as the depth to water in the wells 
because the water in some of the deeper wells is under considerable 
artesian head. The chemical composition and classification of such 
of these waters as were analyzed are shown on the pages facing those 
giving the general information concerning the same waters. 
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GROUND WATER IN QUINCY VALLEY, WASHINGTON. 



By A. T. ScHWENNESEN and O. E. Meinzer. 



INTRODUCTIONo 

LOCATION AND AREA. 

Quincy Valley is in Grant County, Wash., a little south and east 
of the center of the State (fig. 5). The lowland to which the term 
Quincy Valley is locally applied is not, however, a true valley in the 
usual sense of that word, for it is nearly as broad as it is long and is 
more appropriately called a basin. This basin is bounded on the 
north by the Badger Hills, on the south by the Frenchman Hills, on 
the west by Babcock Eidge and other low swells along the brink of 
the Columbia Biver gorge, and on the east by the high land east of 
Moses Lake. Its area is approximately 600 square miles. 

The northern part of the basin is crossed by the transcontinental 
line of the Great Northern Eailway; the eastern^part is reached by 
branch lines of the Northern Pacific and Chicago, Milwaukee & St. 
Paul railways; and the region south of the Frenchman Hills is 
traversed by the main line of the Chicago, Milwaukee & St. Paul 
Railway, which can be reached without difficulty from the southern 
part of the basin by crossing the Frenchman Hills. 

The principal towns in the basin are Ephrata and Quincy, both in 
its northern part, on the Great Northern Railway. Neppel is at the 
terminus of the branch line of the Chicago, Milwaukee & St. Paul 
Railway. 

SCOPE OP INVESTIGATION. 

For many years stockmen along Crab Creek have used the water 
from the stream to irrigate wild grass on the adjacent bottom lands, 
but within the last few years water has been pumped for irrigation 
in certain parts of the valley. Near Moses Lake some tracts are 
irrigated with water pumped from the lake but in other parts of 
the basin the water is pumped from wells. Most of the irrigated 
lands are in apple orchard, but a great variety of other crops, in- 
cluding alfalfa, corn, melons, vegetables, and small fruits, are raised 
by irrigation for home consumption and for the local market. 

131 
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Eepeated advances in the price of fuel for internal-combustion 
engines during the last few years has greatly increased the cost of 
irrigation. The burden has been especially heavy on irrigators who 
must pump the water from great depths and who are irrigating 




young orchards that are not yet bearing. In some orchards the 
trees have suffered through lack of water because of the inability 
of the owners to pay the fuel bills. 

From time to time various projects for supplying the basin with 
water for irrigation have been considered. In 1909 Mr. Joseph 
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Jacobs made an investigation for the Quincy Valley Water Users' 
Association to discover the most practicable and economical source 
of water. In his report/ which was published by the Washington 
Geological Survey, Wenatchee River and Wenatchee Lake were con- 
sidered the most feasible sources, and plans were made for a gravity 
system thus supplied, providing for the irrigation of 435,000 acres 
in Quincy Valley and in the region to the south, between the French- 
man Hills and Saddle Mountain. The estimated cost of the project 
was $43,700,000, or approximately $100 an acre. No means have yet 
been found for financing the project. 

The residents of the basin have long looked to the near-by Col- 
umbia as a possible source of cheap electric power that could be used 
for pumping. It is pointed out that the rapids of the river afford 
power sites, that these rapids are now serious obstacles to naviga- 
tion, and that in connection with the construction of works at the 
rapids to make them navigable provision could be made, at a pro- 
portionately small charge, for utilizing their power. 

In 1909 and 1911 Army engineers made surveys of- the Columbia 
from the mouth of Snake Eiver to Wenatchee to determine the 
feasibility of such a combined project ^ but reported adversely on 
it, for the reason that the present and prospective commerce on the 
Columbia would not warrant the expenditure of that proportion of 
the total cost which would have to be charged against improvement of 
navigation. In view of the small amount of commerce to be bene- 
fited, it was concluded that the development of power should be 
considered the primary object and that the needs of navigation 
could be considered only incidentally. 

If the project is considered solely as a means of obtaining power, 
the question at once arises whether the demand for power is suffi- 
cient to justify the undertaking. Neither the Federal Government 
nor private capitalists will undertake extensive power developments 
without the assurance of an adequate and certain market for the 
power. Irrigators in Quincy Valley recognize many advantages of 
electric power over power generated by internal-combustion en- 
gines, and if electric power had the additional advantage of cheap- 
ness it would doubtless almost completely replace that furnished by 
internal-combustion engines. The number of pumping plants and 
the resulting market for power will be determined by several fac- 
tors, including topography, soil, and depth to water, but perhaps 
chiefly by the quantity of ground water obtainable. The importance 
of an adequate supply of ground water was recognized by the resi- 

iLandes, Henry, Mangum, A. W., Benson, H. K., Saunders, E. J., and Jacobs, Joseph, 
A preliminary report on the Quincy Valley irrigation projects : Washington Geol. Survey 
BuU. 14, 1912. 

* Kutz, C. W., 62d Cong., 2d seas., H. Doc. 693. 
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dents of the basin and it was the fundamental reason for their re- 
quest for the investigation on which this report is based. 

The material for the present report was collected by A. T. Schwen- 
nesen, who spent about two and one-half months in the field in the 
fall of 1916. During two weeks of this time Mr. Schwennesen was 
accompanied by O. E. Meinzer, and together they made a recon- 
naissance of the region adjacent to the basin. The report was 
written chiefly by Mr. Schwennesen, but Mr. Meinzer collaborated 
in certain parts. F. F. Henshaw, also of the Geological Survey, 
furnished valuable data and estimates on stream flow and evapora- 
tion in the region from 1910 to 1913, inclusive. The present prelim- 
inary report on the region will be followed by a full report contain- 
ing the detailed data and maps. 
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the region. 

TOPOGRAPHY. 

TOPOGBAPHIC FEATXTBES OF CENTBAIi WASHINGTON. 

Quincy Valley is a part of the Walla Walla Plateau, which is the 
northern section of the Columbia Plateau province. The Walla 
Walla Plateau extends from the Cascade Mountains eastward to the 
Coeur d'Alene and Bitterroot mountains, and from the Colville 
Mountains and Okanogan highlands southward to the Blue Moun- 
tains in Oregon and Idaho, and to the basins of the Harney section in 
south-central Oregon. It consists essentially of great expanses of 
nearly level or gently sloping ground, interrupted by hills and by deep 
trenchlike valleys. 

In general its surface conforms to the structure of the underlying 
basalt, being nearly level where the beds of basalt lie nearly hori- 
zontal, forming ridges where these beds have been upwarped into 
anticlines, and forming brokd valleys where they have been down- 
warped into synclines. The canyons, locally known as coulees, are 
characteristic of the region. At many places they extend across the 
ridges, indicating that the streams by which they were formed existed 
before the ridges and persisted in their courses by cutting into the 
basalt beds when those beds were uplifted. The canyons of Columbia 
and Snake rivers and the large coulees which formerly contained 
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rivers, such as Grand Coulee and Moses Coulee, are conspicuous ex- 
amples of intensive stream trenching. 

TOPOGAAPHIC PEATTTBES OF THE BEGION . ABOUND QTJINCY 

VALLEY. 

The form of Quincy Valley and of the principal features that 
bound it are in accord with the relations existing between structure 
and silrface forms throughout the Walla Walla Plateau. Struc- 
turally Quincy Valley is a broad, shallow basin, defined on the north 
by the fold that forms the Badger Hills, on the south by the arch of 
the Frenchman Hills, on the west by the monoclinal slope projected 
eastward from Table Mountain across the gorge of Columbia River, 
and on the east by a less obvious westerly dip of the rocks. 

West of Quincy Valley is the gorge of Columbia Eiver — a great 
trench cut into the resistant basalt to a depth of 800 feet and walled 
in many places by nearly vertical cliffs of basalt. The gorge is largely 
independent of the present structure, for it cuts squarely across such 
important east- west structural features as the Badger Hilis arid' • 
Frenchman Hills. Opposite Quincy Valley the gorge runs parallel 
to the general trend of Table Mountain. Here its course may have 
been controlled to some extent by the structure, but that the control 
was not complete is shown by the fact that the monoclinal eastward 
dip seen in Table Mountain is continued across the gorge. 

The largest of the coulees in this region, and the one most closely 
related to the geologic history of Quincy Valley, is Grand Coulee. 
Opening from the canyon of the Columbia in the northeastern corner 
of Grant County, it extends southwestward 40 miles across the 
plateau to the northern margin of Quincy Valley. (See PI. XIII.) 
Throughout the greater part of this distance it is a wide flat-bot- 
tomed canyon walled by cliffs of basalt. The bottom of the coulee 
contains a series of shallow lakes. 

There is abundant evidence that the Grand Coulee is an abandoned 
channel of Columbia River. In the glacial epoch the northern part 
of the State was occupied by the Okanogan ice sheet and a lobe of 
that glacier extended across the canyon of Columbia River upon the 
Waterville Plateau. Deflected by this great ice dam, the waters of 
the Columbia flowed along the eastern face of the glacier, cut a deep 
gorge, formed a cataract 400 feet high just below the site of Coulee 
City, and, continuing southward, discharged into Quincy Valley. 
In this basin during at least the early part of the glacial epoch the 
waters carried by Grand Coulee formed a large lake, from which they 
were probably returned to the valley of Columbia River over cata- 
racts at Frenchman Springs and the "Pot Holes" southwest of 
Quincy. Later they found an outlet, now occupied by lower Crab 
Creek, through the Frenchman Hills. This abandoned channel of 
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the Columbia was described by Symons^ in 1882 and by Russell * 
in 1893; the abandoned cataract which it contained was seen by. 
Bussell, and both Symons and Russell made vague references to a 
very large Pleistocene lake, which Symons called Lake Lewis. The 
abandoned channel and cataract were also described by Calkins' 
in 1&05. 

SUBFACE OF THE BASIN. 

ELEVATION. 

The floor of Quincy Valley is a nearly smooth plain, which is 
highest along its northern and western borders and slopes gently 
toward the south and east. Most of the plain lies between 1,200 and 
1,300 feet above sea level. The highest points are in Babcock Ridge, 
a smooth, gentle swell rising to an elevation of 1,600 feet, at the rim 
of the Columbia gorge; the lowest are in the ^nd-dune area south 
of Mo^ Lake, where the general elevation ranges from 950 to 1,000 
feet. 

DRAINAGE. 

Crab Creek, the principal stream in Quincy Valley, rises in several 
branches in the vicinity of Davenport, Wash., at an elevation of 
about 2,500 feet It flows at first southwestward and then westward 
as far as Adrian, whence it continues in a general southeasterly direc- 
tion to the head of Parker Horn, a long, narrow arm of Moses Lake 
(see PL XIII) ; this stretch of the stream is known as upper Crab 
Creek. Along the greater part of the stretch above the mouth of 
Wilson Creek the flow is perennial ; below Wilson Creek it is inter- 
mittent, the water sinking in some places and emerging from the 
gravel in others. During spring freshets there is a continuous flow, 
which for short periods may become very large. 

Moses Lake is about 13 miles long and from one-half to three- 
fourths mile in average width. In 1916 the elevation of the water 
surface was 1,046 feet above sea level. The lake is comparatively 
shallow, the maximum depth as a rule not exceeding 35 feet. 

From the west side of Moses Lake, about 2 miles north of its lower 
end, a shallow, meandering channel leads westward and then south- 
eastward across the sand-dune area. About 5 miles south of the lake 
this channel enters a coulee which cuts through the Frenchman Hills, 

* SymoDS, T. W., Report of an examination of the upper Columbia River : 47th Cong., 
1st seas., S. Ex. Doc. 186, 1882. 

* Russell, I. C, A geological reconnaissance in central Washington ; U. S. Geol. Survey 
Bull. 108, 1803. 

■Calkins, F. C, Geology and water resources of a portion of east-central Washington: 
U. S. Geol. Survey Water-Supply Paper 118, 1906. 
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and, continuing in a southerly direction to a point about 15 miles 
south of Moses Lake, it opens into a broad-bottomed, steep-walled 
canyon which extends westward along the north side of Saddle 
Mountain to Columbia Eiver. This drainage course, through whick 
the overflow from Moses Lake finds its way into the Columbia, is 
known as lower Cra:b Creek. 

Lower Crab Creek receives contributions of water from the over- 
flow of Moses Lake, from seepage of ground water, and in small 
amounts from several coulees that discharge into it from the east. 
In its lower course the water sinks and ordinarily no surface water 
is delivered to the Columbia. 

Besides the surface water that enters Moses Lake by way of the 
channel opening into Parker Horn, considerable underflow enters the 
upper part of the lake or emerges as a large spring at the head of 
Rocky Ford Creek, which discharges into the lake. 

In the western part of the basin a narrow belt of country contig- 
uous to the gorge of the Columbia drains westward toward the 
river. This drainage reaches the river through a number of small 
gullies that head a short distance out on the plain and lead to cuts 
in the basalt rim rock. The gullies are dry except during rapid 
thaws or periods of heavy rain. 

Large areas in the central and southern parts of the basin are 
covered by deposits formed by the wind. ; In these areas the gentle 
slopes, the porous soil, and the constant shifting of the sand prevent 
the establishment of any permanent drainage system. The precipita- 
tion on these surfaces either sinks into the soil immediately or gathers 
in undrained hollows which have been scooped out by the wind and 
from which! it escapes by seepage or evaporation. 

FEATURES PRODUCED BY WIND. 

The agent which at present is most active ill modifying the surface 
of the basin is the wind. In the northern and western parts of the 
basin the wind has effected only slight changes in the shape of the 
surface, but the results of wind work are abundantly shown in the 
sand drifts along the fences bordering the roads, where the soil has 
been stirred up by trafiic, and in the sand ripples in the plowed 
fields. In the sandy areas of the central and southern parts of the 
basin the effects of wind work are more pronounced, and are most 
conspicuous in the sand-dune area south and southwest of Moses 
Lake, where the surface is thickly covered with sand dunes inter- 
spersed with undrained depressions. Many of the dunes are 40 to 50 
feet high and one- fourth to one-half mile long, and in places chains 
of dunes extend for miles across the area. 
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Where the sand for building the dunes has been excavated by the 
wind, there are shallow undrained basins, most of which are ellip- 
tical and which range in area from a few acres to more than 100 
acres. In that part of the sand-dune area locally known as the " Pot 
Holes" many of these basins contain ponds of water bordered by 
narrow strips of meadow. Because of constant evaporation from the 
ponds the water is somewhat alkaline and the surrounding meadows 
are covered by a thick growth of salt grass and by alkali crusts. 
Tules and other water-loving plants grow in the ponds, and willows 
are common on the lee side of the dunes adjacent to the ponds. 

In the sand-dune area the drainage courses have been greatly 
changed by' the shifting sands. Thus Moses Lake* owes its origin to 
the damming of Crab Creek by wind-blown sand. 

FEATtJKES PRODUCED BY STREAMS. 

The topography of the eastern part of the basin on both sides of 
Moses Lake, from Ephrata and Soap Lake to the sand-dune area, 
is largely the result of stream work. During the glacial epoch a 
great mass of gravel was discharged from the mouth of Grand Coulee 
and was spread in a sheet over the eastern part of Quincy Valley, 
completely obliterating the preexistent drainage lines and surface 
irregularities. As the glacial floods subsided the streams cut into the 
material thus laid down, and, with variations in the amount of run- 
off and temporary halts in the down-cutting process, produced gravel 
terraces separated by wide, flat-bottomed channels by which the pres- 
ent drainage is largely determined. Hiawatha Valley and Ephrata 
Valley are ancient stream valleys of this kind. Moses Lake occupies 
a similar ancient stream channel which was modified by wind-blown 
sand. From the water's edge steep banks rise abruptly to gravel 
terraces which occur at various heights up to 100 feet above the lake. 

CLIMATE. 

The " Big Bend country," embracing Douglas, Grant, Lincoln, and 
Adams counties, is recognized as the most arid part of the State of 
Washington. The average annual precipitation in this region, so 
far as the records show, ranges from 7 inches in the southern part to 
about 14 inches in the northern part. Temperatures exceeding 100° 
above zero in summer and 15® below zero in winter are not unusual, 
but owing to the dryness of the air the summer heat is seldom very 
oppressive and the cold of winter causes less suffering than in a 
more humid climate. 

Summarized data regarding precipitation in Quincy Valley and 
the surrounding region are presented in the following table: 
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2,024 


a27 


1.67 


0.9fl 


0.79 


1.26 0.93 


0.47 0.05 


0.66 


0.77 
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a Partial records for years 1890, 1892, 1908, 1909, 1910, 1911, 1913, 1914, and 1916 Included. 
5 Partial records for years 1892, 1898, 1899, 1900, 1907, 1909, and 1916 included. No record for years 1893 
to 1897. 
c Partial records for years 1899, 1900, 1902, 1903, 1905, 1906, 1907, and 1910 to 1916 included. 
<f Partial records for years 1903, 1905, and 1907 to 1912. No records for years 1913 to 1916. 
c Partial record for 1916. 
/ Partial records for years 1900 and 1916. 
ff Partial records for years 1904, 1911, 1913, and 1916. 

The mean annual precipitation in Quincy Valley, according to the 
records from Ephrata and McConihe,^ is between 7 and 8 inches. 
In the region north and east of the basin the precipitation increases 
with increase in elevation, as is shown by the table. 

Much of the winter precipitation is snow, which usually remains 
on the ground only a few weeks after each fall, but as it generally 
comes in periods of severe cold it forms a protective blanket that pre- 
vents plants, from freezing. In melting it supplies moisture slowly 
enough to be absorbed by the fine deep soils of parts of the valley. 

Because of the lower elevation of Quincy Valley, the winters are 
somewhat milder than in most parts of the adjacent region, and the 
frost-free season is longer. This is an important factor in the grow- 
ing of fruit. The large number of clear sunny days is also an impor- 
tant factor in the ripening and coloring of fruits in this region.* 

SOIL AND VEGETATION. 

Before 1900 practically the only settlers in the basin were a few 
stockmen who had selected lands along Crab Creek and Moses Lake, 
chiefly because of the ready water supply, but also because of the 
good pasturage on the Crab Creek bottoms and among the sand 
dunes south of Moses Lake. 

After 1900, other settlers, favorably impressed with the soil and 
general aspect of the country and influenced by the success of wheat 
farmers on the WaterviUe Plateau to the north, came into Quincy 
Valley to raise wheat. Most of the early wheat growers settled in 
the northwestern part of the basin where the conditions for raising 
wheat are the most favorable, and as some of the first crops were 

iMcConihe is a station near the head of Moses Lake (sec. 28, T. 20 N., R. 27 E.). 
s Saunders, E. J., Soil survey of Quincy area : U. S. Dept. Agr. Bur. Soils Field Opera- 
tions, 1911, p. 12. 
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exceptionally good, Quincy Valley was heralded as a newly dis- 
covered wheat region. The result was a great influx of settlers into 
all parts of the basin and within a few years practically all the 
public land was taken as homesteads. 

At present (1917) only the lands in the vicinity of Quincy, on 
Babcock Ridge west of Quincy, and in the region extending south- 
ward from Quincy, are used regularly for growing wheat. In a 
season of average rainfall the wheat crop averages about 8 to 10 
bushels per acre,^ and in exceptionally favorable seasons 26 to 30 
bushels per acre has been reported. Because of the higher elevation 
and somewhat greater precipitation the wheat lands on Babcock 
Ridge yield the best crops. 

But the lands in a large part of the basin proved unsuitable for 
raising wheat, and many of the settlers, discouraged by repeated 
crop failures, abandoned their claims or stayed only long enough to 
obtain title. Some tracts which would not produce wheat were found, 
however, to yield fair crops of plants more resistant to drought, such 
as rye, corn, and Sudan grass. In most seasons these crops do not 
mature sufficiently to produce marketable grain, but they make good 
winter feed, which is sometimes sold locally but is more often fed to 
the stock on the farm. Thus by feeding the farm products and uti- 
lizing the open range, or, in other words, combining farming with 
stock raising on a small scale, many of the settlers have managed to 
get along very well. 

Large tracts, including the region covered by drifting sand, chiefly 
in the southern part of the basin, and the stony areas in the north- 
eastern part, are entirely uncultivated, for many original settlers on 
these lands soon found them worthless without irrigation and con- 
sequently abandoned most of them. The uncultivated areas are used 
for grazing by resident stockmen and by sheepmen who are forced 
to bring their flocks out of the mountains at the beginning of winter. 
Except for short periods during the winter, when deep snow is on 
the ground, cattle and sheep subsist on the native sagebrush and 
bunch grass. Four or five weeks of feeding, in the aggregate, 
usually sufiice to carry stock through the winter. Rye hay, corn 
fodder, alfalfa hay, Sudan grass, and straw are generally used for 
winter feeding. 

The report on Quincy Valley by Mangum, Van Duyne, and West- 
over,^ published by the United States Department of Agriculture, 
contains a full discussion of the various types of soil in the valley 
and their value for agriculture, and includes also a detailed map 
showing the areas covered by the soils of various types. 

1 Mangum, A. W., Van Dnyne, Cornelius, and Westover, H. L., Soil Btirrey of the f 
Quincy area, Wash. : U. S. Dept. Agr. Bur. Soils Field Operations, 1911 (Advance sheets), 
p. 17, 1918. 
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GEOLOGY. 

GENEBAIi FEATUBES. 

Quincy Valley lies within the vast area which in Miocene time was 
inundated by great floods of basaltic lava. Though covered in most 
places by sedimentary deposits, the basalt nowhere in the basin is 
very far beneath the surface. The great thickness of the basalt 
series is well shown in the gorge of the Columbia, which has been cut 
into the basalt to a depth exceeding 800 feet without exposing the 
underlying rocks. 

The sedimentary deposits overlying the basalt consist of uncon- 
solidated beds of clay, sand, and gravel derived from the Okanogan 
glacier, which occupied the Waterville Plateau in the Pleistocene 
epoch and discharged its debris-laden floods into Quincy Valley 
through the Grand Coulee. (See PI. XIII.) Some of these deposits 
were laid down in the quiet waters of a lake ; others were laid down 
by streams. Overlying the basalt, the lake beds, and, in some places, 
the stream deposits is a mantle of wind-blown sand and silt. (See 
fig. 6 and geologic section, PL XIV.) 
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FiouBB 6. — Generalized columnar section of geologic formations in Quincy Valley, Wash. 
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YAKIMA BASALT.' 

The basalt of Quincy Valley, in its typical development, is a hard, 
dense, fine-grained rock, varying in color from dark gray to black, 
except on weathered surfaces, where it is usually brownish. The lava 
that formed the basalt was not all poured out at one time but was a 
series of flows, and each bed represents a distinct extrusion. The 
texture of the basalt shows considerable variation. At the upper sur- 
face of a bed the rock is usually scoriaceous, or " honeycombed," be- 
cause of the expansion and escape of the dissolved gases in the lava, 
but the rock becomes increasingly dense toward the interior of the 
flow. 

By the characteristic "honeycombed" structure the individual 
lava flows can be identified, and different flows can be distinguished 
from one another. In the gorge of the Columbia, where the basalt 
underlying Quincy Valley is exposed, six or eight different flows can 
be identified. The individual beds are usually not more than 50 to 
150 feet thick, but their lateral extent is great, for their edges may 
be traced for miles along the canyon walls without any evidence of 
thinning out. At a few places thin beds of tuff, or volcanic ash, are 
interbedded with the massive basalt, but their volume is insignificant 
in comparison with the great volume of the basalt. 

A characteristic and almost universal feature of the basalt is the 
system of joints perpendicular to the bedding planes, by which the 
sheets are broken into prismatic columns as a result of contraction in 
the process of cooling. This columnar jointing is splendidly dis- 
played in the palisades of the Columbia gorge and the great coulees. 

Structurally Quincy Valley is a shallow basin. At the rim of the 
Columbia gorge the beds of basalt dip eastward at an angle of 1° or 
2°. Farther east the beds gradually flatten out and then rise again 
with a gentle inclination east of the valley. To the north the beds 
rise rather steeply to the Badger Hills, and to the south they are up- 
turned to form the Frenchman Hills. The dips do not represent the 
original position of the beds but are due chiefly to gentle warping at 
some time since the deposition of the basalt. 

Normally the basalt is compact and contains almost no pores 
capable of transmitting water. The ability of the basalt to absorb 
and store large quantities of water is due to the zones of porous rock 
between the successive beds and to the joints by which the beds are 
broken. Although the porous contact zones are generally thin and 
irregular, in many places they are thick, and, in connection with 
communicating passages produced by vertical and horizontal joints, 

^This name was first used by Geo. Otis Smith In Water-Supply Paper 55 to differen- 
tiate the basalt of Miocene age from the older and younger basalt formations included 
in the general term Columbia River lava as used by I. C. Russell. F. C. Calkins, in 
Water-supply Paper 118, mapped the basalt of Quincy Valley as Yakima basalt, and 
later maps correlate the basalt of this area with the typical Yakima basalt. 
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they form a circulating system through which water may travel for 
long distances. 

LAKE BEDS. 
CHARACTER AND DISTRIBUTION. 

Lying upon the surface of the basalt are sedimentary deposits con- 
sisting of a series of stratified clay, sand, And gravel, which there is 
good reason to believe were laid down in impounded waters. JThe* 
deposits are rarely exposed at the surface but are shown by well 
records to be widely distributed and continuous over nearly all parts 
of Quincy Valley. In the western, central, and southern parts of the 
basin the formation is covered by wind-deposited soils and drifting 
sands, and in the eastern part by glacial gravel. (See geologic sec- 
tion, PL XIV.) 

Along the rim of the Columbia gorge the lake beds are absent and 
the basalt outcrops at the surface. In most of the western and north- 
western parts of the valley they are not more than 30 to 40 feet thick, 
but they thicken eastward, and wells on Morrison Flat penetrate 
nearly 300 feet without reaching the basalt. In the eastern part of 
the basin the upper 150 to 200 feet of the series has been removed by 
stream erosion and replaced by a thick covering of glacial stream 
deposits. 

No complete section of the lake beds is exposed anywhere in the 
area, but as encountered in wells the beds consist of a series of alter- 
nating beds of clay, silt, and sand, and occasionally a layer of gravel. 
The clays are light gray, greenish gray, blue, or black, and are gen- 
erally heavy and compact, but are in places of light weight and open 
texture because of an admixture of volcanic ash. Some of the dark- 
colored clays contain large amounts of organic matter, a fact that 
probably accounts for the foul odor and gas reported from some wells 
that penetrate the clays. Petrified wood and bones and fossil shells 
are found in the clays. The coarser materials of the lake deposits are 
of all grades, ranging from light-colored silt and very fine sand to 
beds of coarse boulders. 

ORIGIN AND AGE. 

The topograpjiy of the basin, the regular stratification of the sedi- 
ments, the presence of fossils, and the widespread occurrence of 
erratic boulders are evidences that the valley was at one time occn- 
pied by a lake. This subject will be more fully discussed in the final 
report. To create a lake in the valley at the present time all that 
would be necessary, providing the run-off were sufiicient, would be 
to block the gap where lower Crab Creek passes through the French- 
man Hills. 
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W. H. Dall states tha.t the fossils collected from the lake beds are 
fresh-water species, all of which are still living and are not older 
than the Quaternary period. They are of the boreal type and could 
haye lived in the cold water of a glacial lake. 

GLACIAL OXTTWASH. 

• ^ DISTRIBUTION AND CHARACTER. 

Deposits of glacial outwash cover a large area extending from the 
mouth of Grand Coulee, past Ephrata, and southward into the 
Moses Lake region afld Hiawatha Valley. They consist mostly of 
fragments of basalt, but other rocks, chiefly granite, are sparsely rep- 
resented. The materials are fairly well assorted, ranging in coarse- 
ness from sand to large boulders. 

Near Soap Lake and Ephrata these deposits lie directly on the 
basalt, but farther south, in the vicinity of Moses Lake and in 
Hiawatha Valley, they lie on the lake beds. Having been deposited, 
on an uneven surface, the formation varies in thickness from place 
to place; its greatest known thickness, as shown by well records, is 
about 90 feet. 

ORIGIN AND AGE. 

The outwash deposits were derived from the same source as the 
lake beds — ^that is, they were laid down by the d6bris-laden floods that 
were discharged through Grand Coulee from the Okanogan glacier 
in the Pleistocene epoch. Most of the material forming the higher 
terraces near the mouth of Grand Coulee was probably deposited at 
the same time that the fine sediments were being laid down in the 
glacial lake. The sudden lessening of the velocity of the flood waters 
as they emerged from Grand Coulee and spread out over the plain 
and the consequent decrease in their carrying power caused the coarse 
material to be deposited near the mouth of the canyon while the finer 
sediments were carried into the lake. 

The lowering of the lake outlet did not cease with the draining of 
the lake but continued below the floor of the lake, the result being 
that in the eastern part of the basin the upper part of the lake beds 
and much of the previously deported outwash material was re- 
moved, and the general level of this part of the valley was reduced. 
Later more outwash material was deposited on the eroded surface 
and the region was built up to its present general level. Neither 
deposition nor erosion, however, was continuous, for the glacial 
streams alternately cut channels and then refilled them with gravel, 
and these successive episodes are recorded in the terraces of the 
region. 
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WIND-BLOWN DEPOSITS. 

Overlying the basalt, the lake beds, and, in some places, the glacial 
outwash deposits, is a thin mantle of wind-blown material consisting 
of fragments ranging in size from very fine silt to coarse sand. 
Except for the gravelly soils of the eastern part of the basin and 
the residual soils in the areas of outcropping basalt along the edge 
of the Columbia gorge, practically all the soils of the basin are 
composed of wind-blown materials, which also extend beyond the 
boundaries of the basin and cover the Frenchman Hills and the plain 
south of the hills. North of the basin wind-blown soils are found 
on the Badger Hills and the Waterville plateau. The wind-blown 
deposits of Quincy Valley are derived from the fine sediments depos- 
ited in the glacial lake. Under the prevailing arid climate these dry, 
loose-textured materials, only slightly protected by the meager vege- 
tation, are easily moved about by the high winds, which at certain 
times of the year occur with great frequency. In the western part 
of the basin, where the soils are of very fine texture, the winds have 
produced only minor irregularities of the surface, but farther east, 
where the sands are coarser, the effect of the wind is much more 
conspicuous, and sand dunes are familiar features. 

WATER TABLE. 

DEPTH TO WATEB. 

The depth to water in Quincy Valley was ascertained at about 
250 ^widely distributed points, at most of which it was accurately 
measured in wells. Where measurement was not possible, reports 
were obtained from well owners, drillers, and other reliable persons. 
In general the depth to water varies with the elevation of the land 
surface, the water being nearest the surface in the low areas and the 
depth increasing progressively with increase in altitude. 

In a part of the sand-dune area southwest of Moses Lake the 
ground water comes to the surface in many springs and collects in 
depressions among the dunes, forming small ponds and marshy tracts. 
Extending northward from this area to the vicinity of Mae and westr 
ward along the foot of the Frenchman Hills to a point nearly 20 miles 
west of Crab Creek, and including a large part of the dune area, 
is an extensive region in which water is less than 50 feet below the 
surface. Smaller areas outside of the dune area in which the ground 
water is within 50 feet of the surface include a part of Hiawatha 
Valley, the lowest terraces bordering Moses Lake, the bottom lands 
along Rocky Ford Creek, and strips of land on both sides of upper 
Crab Creek in its lower course, where it is locally known as Willow 
Creek. 
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The d^pth to water ranges from 50 to 100 feet throughout much 
of the sandy country in the south-central part of the basin, includ- 
ing the district near Bailey and that south of Morrison Flat. Other 
areas where the depth to water ranges between 50 and 100 feet in- 
clude most of Hiawatha Valley, terraces of intermediate height in 
the vicinity of Moses Lake, and the lower terraces around Ephrata, 
Soap Lake, and Adrian. 

The depth to water ranges from 100 to 150 feet in a large area in 
the west-central part of the basin extending westward from Mor- 
rison !Flat and northward from Low Gap almost to Winchester. 
Other areas where water is found at these depths include the highest 
terraces in the Moses Lake region, the highest parts of the inter- 
stream areas extending from Ephrata to the vicinity of Moses Lake, 
and large parts of the upland surface east of Moses Lake and upper 
Crab Creek. 

The depth to water is 150 to 200 feet throughout Morrison Flat, 
south of the Great Northern Railway, in the immediate vicinity of 
Winchester, and in a belt about 4 miles wide extending from Win- 
chester to Burke. 

FOBM OF THE WATEB TABLE. 

Near Quincy, in most of the area south and west of Quincy, and 
in a belt north of the railroad near Winchester the depth to water 
ranges from 150 to 300 feet. 

The position of the water table, or upper surface of the zone of 
saturation, is shown with respect to sea level by contours on Plate 
XIII.- West of the ste^p slope that extends along the east side of 
Morrison Flat from within 4 or 5 miles of Ephrata alm'bst to the 
Frenchman Hills the water table is nearly level or only slightly in- 
clined, except along the north edge of the basin, where it rises toward 
the Badger Hills, and along the west edge, whek^e it drops abruptly in 
the direction of the Columbia gorge. The elevation of the water 
table throughout this area, according to accurate determinations 
made at a large number of-]i>oints, is about 1,080 feet above sea level. 
East of this steep slope the water table descends rapidly io a mini- 
mum level^of about 1,000 feet abote the sea. 

In the eastern province the T^ater table descends at a fairly uni- 
form rate from the north to Moses Lake (altitude, 1,046 feet) with 
the surface of which it coincides. On the west side of the south 
part of' Moses Lake the water table descends abruptly frbmi the 
lake level to an elevation of only 1,030 feet above sea level in Hia- 
watha Valley and the vicinity of Mae. Thence, it declines more 
gradually southward to a level of about 1,000 feet in the sand-dune 
area, where it comes to the surface in many places and coincides 
with the surfaces of the ponds. 
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WATER-BEARING FORMATIONS, 
WATEB IN BASALT. 

The basalt underlying Quincy Valley consists of a series of beds, 
each of which represents a separate flow. The upper crust of a lava 
sheet generally has a vesicular or " honeycombed " structure, caused 
by the escape of steam and other gases from the molten lava, and its 
upper surface is generally rough and Broken, owing to sudden chill- 
ing of the lava. Consequently many openings, some of which are ex- 
tensive, occur between the successive beds, and these are capable of 
holding much water. In some places the successive beds are separated 
by beds of tuff and other volcanic fragmental material, but these 
interbedded deposits are of small volume and almost impervious, and 
consequently furnish little storage space for water. The interior 
of a bed, formed of a lavk that cooled gradually, is usually fine 
grained and compact, but in the process of cooling there was much 
contraction, so that ioints and fissures which provide for the storage 
and circulation of water were formed throughout the mass. The 
total capacity of the basalt formation for water is therefore rather 
large. 

In the western part of the basin, including the region around 
Quincy, Burke, and Winchester, and north of the railroad between 
Winchester and Ephrata, almost all the wells obtain their water from 
the basalt. Near Quincy and Winchester large supplies are obtained 
for irrigation. A number of wells yield between 250 and 500 gallons 
per minute and one well near Quincy produces between 900 and 1,000 
gallons per minute under continuous pumping. Near the rim of the 
Columbia gorge some wells have failed to obtain adequate supplies, 
but throughout the rest of the region failures are rare. Most of the 
large yields of water are obtained from beds of the " honeycombed " 
texture found between layers of compact material. A few of them 
come from the massive basalt. 

The water in the basalt is derived from that which falls on the 
basin and percolates downward and from that which has been ab- 
sorbed by the basalt outside of the basin and has traveled laterally 
underground perhaps for a long distance. In the western part of the 
basin, where the materials overlying the basalt are dry, most of the 
water that falls as rain or snow does not get far below the surface. 
This statement in especially true of the precipitation in the areas 
overlain by fine silty soils. Where the basalt is at or near the surface 
or where the sediments above the basalt consist of gravel or coarse 
sand the precipitated water sinks more rapidly below the reach of 
evaporation and transpiration, and a larger proportion reaches the 
water table. The numerous undrained basins are also favorable to 
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intake of water. If the average annual precipitation over an area of 
300 square miles in the western and central parts of the basin west 
^ of the sag in the water table shown in Plate XIII is 7J inches, and 
10 per cent of this precipitation reaches the water table, the average 
annual underground supply from this source is about 12,000 acre- feet. 

The structure of Quincy Valley, determined by the lava beds that 
dip toward it from all directions, is favorable, for the accumulation 
of ^ound water under the basin, but, on the other hand, the gorge 
of the Columbia, and, to a less extent, Moses Coulee and other deep 
coulees, are very unfavorable. 

The map (PI. XIII) shows that the water table is highest along 
the northern border of the basin. As water underground, like water 
at the surface, is highest near its source, this map indicates that one 
of the main sources of supply is the plateau north of the basin. The 
basalt beds out of which the plateau is built dip southward, and 
water which falls on the plateau may be led down the dipping strata 
beneath Quincy Valley. The plateau lies considerably higher than 
the basin and receives more abundant precipitiltion. As it is a sur- 
face of extensive erosion in which porous beds of the basalt formation 
are exposed, much of the rain and snow which it receives may be 
absorbed by the rocks. 

Some parts of the plateau are, however, so deeply dissected as to 
diminish its efficacy as an intake area. Lynch, Moses, and Grand 
coulees (see PL XIII) are cut many himdreds of feet into the basalt, 
and the porous beds are exposed to leakage along the walls of the 
coulees. Where the coulees cut the water-bearing beds that underlie 
Quincy Valley and extend down to the level of the water table be- 
neath the basin they effectively bar the movement of ground water 
into the basin and constitute definite outer limits for the areas con- 
tributing ground water. The contributory area on the north is 
therefore limited by Lynch, Moses, and Grand coulees, but betweec 
Moses Coulee and Grand Coulee there is no impassable barrier to 
the migration of ground water. (See PI. XIII.) 

That there is not very ready movement through the basalt laterally 
is indicated by the nearly level position of the water table over the 
greater part of the basin and by its abrupt downward slope, especially 
on the west side of this level area. The contributory area on the 
north probably does not include more than 300 square miles. The 
average annual precipitation on this area is about 15 inches. If 5 
per cent of this precipitation is absorbed and migrates to Quincy 
Valley, the annual contribution is about 12,000 acre- feet. 

West of Quincy Valley the gorge of Columbia River extends far 
below the level of the water table of the deepest water-bearing bed 
that has been reached by wells in the basin. There is therefore no 
contribution from the west. The loss of water from the basalt beds 
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at the outcrops is, however, not so great as might be expected, as is 
shown by the form of the water table (PL XIII), by the large yields 
of wells situated within a few miles of the gorge of Columbia Kiver, 
and by the scarcity of large springs along the gorge. The retention 
of the water in the reservoirs of basalt is probably due both to the 
eastward dip of the beds and to a general lack of lateral communi- 
cation between the cavities in the basalt. 

There is an erroneous belief among some of the inhabitants of 
Quincy Valley that the water in the basalt comes from Lake Chelan, 
because the water table throughout most of the western and central 
parts of the basin stands at practically the same level as the lake — 
about 1,080 feet above sea level. It is obvious that no water can be 
derived from this source because of the existence of the intervening 
Columbia gorge, which is cut several hundred feet below the level 
of the lake, and below the water table of Quincy Valley, and is also 
cut through the water-bearing beds tapped by the wells in the basin. 

That no large supply is received from the region south of Quincy 
Valley is shown by the water levels in the southern part of the basin 
and by the structure and topography of the region to the south. The 
northern limb of the anticline that forms the Frenchman Hills is 
narrow and the area south of these hills is deeply dissected. 

East of Quincy Valley is an extensive area that slopes toward 
the basin and is underlain by beds of basalt that dip toward and 
extend beneath the basin. These beds no doubt deliver water in 
the general direction of the basin. On account of the sag in the 
surface and in the water table in the eastern part of the basin (PL 
XIII) this water probably does not reach the central and western 
parts of the basin but leaks into the sediments that overlie the basalt 
in the eastern part. If the morer impervious beds of the basalt 
formation are sufficiently competent as confining beds, some of the 
water in the imderlying porous beds may be carried by artesian 
pressure to the central and western parts of the basin, but there is 
considerable evidence that such artesian movement is absent or 
unimportant. 

It appears, therefore, that most of the water in the basalt in the 
western and central parts of the basin is derived from rain and 
snow that fall there or on the upland farther north. 

In the western part of the basin artesian pressure that will lift 
the water in deep wells much above the water table is not to be ex- 
pected because of the Repressing influence of the gorge of Columbia 
River. In the low area adjacent to Crab Creek and Moses Lake, 
whcffe the water table sags (see PL XIII), the water from deep 
basalt beds would probably rise farther above the level of the water 
table, and it is possible that the artesian pressure would be sufficient 
to bring the water to the surface in the lowest places. 
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That the quantity of water stored in the basalt beneath the basin 
is large and that there is considerable underground circulation is 
shown by the fact that single wells yield 260 to 1,000 gallons a minute 
without diminution in the supply great enough to have been detected. 
The amount of water stored beneath the basin is, however, not a 
safe criterion by which to gage possible development of irrigation, 
for it may have taken centuries for this water to accumulate and the 
rate of inflow may be very slow. In considering the amount of water 
available for irrigation the quantity now stored in the rocks is not 
so important as the annual increment to the supply. It is evident 
that even though much water is stored beneath the basin, continual 
withdrawals in excess of replenishment will result in a gradual 
lowering of the water table. 

Before any water was pumped there was probably a natural bal- 
ance between loss and gain, the leakage oui of the basalt in Quincy 
Valley being about equal to the intake, and leakage will continue 
in spite of recoveries by pumping. Therefore, even if the average 
annual intake is as much as 24,000 acre-feet, the supply that will be 
available year by year is less than this amount, although by pumping 
out the water now in storage a much larger quantity Could be obtained 
for a few years. 

Whether the water table has been lowered by the pumping that 
has already been done is not precisely known. The numerous exact 
measurements of depths to water that have been made in connection 
with the present investigation, will, however, make it possible to de- 
termine very closely the effects of future pumping operations. 

The conclusions regarding the water in the basalt underlying 
Quincy Valley may be briefly stated as follows: The quantity of 
water stored in the basalt is large. The conditions are such that it 
is impossible to estimate closely the annual intake or the amount 
that can be recovered annually by pumping, without drawing se- 
riously on the reserve, but the authors believe that the annual intake 
of water is not more than 24,000 acre-feet, and that the quantity 
which can safely be pumped annually within the area in which the 
wells end in basalt is less than this amount. The available supply 
is doubtless adequate to serve indefinitely the land nojv under irriga- 
tion, and experience may prove that considerably more land can be 
brought under irrigation. The geologic and topographic condi- 
tions make it certain, however, that it will be impossible to irrigate 
the entire basin with water obtained from this source, or even a 
large proportion of the area in which the wells end in basalt, and 
they also indicate that it would be unwise at present to increase the 
area to be irrigated with the water from the basalt by more than a 
few thousand acres. 
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WATEB IN LAKE BEDS. 

Throughout the central part of the basin — on Morrison Flat and 
adjacent areas to the north and west and iii the sandy country ex- 
tending southward from Morrison Flat to the Frenchman Hills 
and south westward to Bailey and Low Gap — most of the wells 
obtain water from the unconsolidated, fine-grained, lake beds that 
overlie the basalt. The material penetrated in wells in this part of 
the basin consists* of clay and sand in alternating beds, and a few 
thin layers described as " lime rock " or " hardpan." Beneath these 
deposits basalt is found* at depths ranging from less than 100 to 
more than 350 feet in different localities. Beds of quicksand, coarse 
basaltic sand, and occasionally of fine gravel that yield good sup- 
plies of water are found at intervals below the water table. 

Many wells have been sunk into the lake beds, and, in so far as in- 
formation was obtained, none of them have failed to get water, 
although a number of owners of comparatively shallow stock or 
domestic wells have reported " small " or " insufficient " yields. Wells 
that are properly constructed and are sunk deep enough to penetrate 
several water-bearing beds generally fulfill all requirements. Pump- 
ing plants supplying water for irrigation have been installed on 
Morrison Flat and in a number of other places, and single wells 
have been reported to. yield 300 gallons per minute. 

In the lake-beds area the water table is at about the same elevation 
as in the basalt area to the west and distinctly higher than in the 
area of glacial outwash to the east. It appears, therefore, that the 
water in the lake beds is derived from the same sources as that in 
the basalt and is not supplied to any important extent by Crab Creek 
or the glacial-outwash deposits. 

WATEB IN GLACIAL-OXTTWASH DEPOSITS. 

In the eastern part of the basin, in an area extending from 
Ephrata, Soap Lake, and Adrian, to the vicinity of Meses Lake and 
beyond, the principal water-bearing formation copsists of rudely 
stratified deposits of waterworn and water-sorted sand, gravel, and 
boulders. . In some places this formation lies on the lake beds^ and 
in others it lies directly on the basalt. Owing to irregularities in 
the surface on which it rests and in its own upper surface its thick- 
ness is variable, ranging from only a few feet to 90 feet or more. 

Being unconsolidated and containing a large proportion of coarse 
material, the glacial-outwash deposits allow very free circulation of 
water. Wells in this material yield large quantities with very little 
lowering of water level. In the Moses Lake region large supplies for 
irrigation are obtained from wells that are sunk only 2 or 3 feet 
below the water level. One such well was tested in connection with 
the present investigation — ^a well on the farm of George C. Hill at 
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Mae. This well is 3^ feet square and 78 feet deep and is equipped 
with a 12-horsepower gasoline engine and a 3-incK horizontal cen- 
trifugal pump. At the beginning of the test, before the pump was 
started, the water stood 74.6 feet below the surface of the ground. 
When the pump was started the water level was rapidly drawn down 
to 74.9 feet, but was not further lowered during a 20-minute test. 
The drawdown was, therefore, only 0.3 foot. The discharge as 
measured was 270 gallons per minute. When the pump was stopped 
the water level rose immediately to its normal position of 74.6 feet 
below the surface. Owners of many other .wells in this region report 
equally good results. 

The glacial-out wash deposit^ receive (1) water that falls as rain 
or snow on that part of Quincy Valley underlain by the outwash de- 
posits and sinks directly into them ; (2) water that falls on the exten- 
sive drainage basin of Crab Creek and is poured into Quincy Valley 
either as surface water or as underflow of Crab Creek; (3) water 
that falls on the elevated region east of Quincy Valley and south 
of the drainage basin of Crab Creek and is carried in freshets to the 
valley, where part of it sinks into the outwash deposits; (4) similar 
storm waters from the eastern part of the Badger Hills and the central 
part of Quincy Valley; (5) water from the basalt under the plateau 
north of the basin and from the basalt and overlying lake beds in the 
western and central parts of the basin, which enters the outwash 
deposits from the northwest or west; (6) water that falls on the 
region east of Quincy Valley, percolates into the underlying basalt, 
and moves westward toward the basin. (See PL XIV.) It will be 
seen, therefore, that the Moses Lake region of Quincy Valley forms 
a sort of huge trap for the water that falls on it and on a large adja- 
cent region. The only outlets are (1) the gap of lower Crab Creek, 
(2) the cavities in the basalt of the Frenchman Hills, and (3) the at- 
mosphere, which removes large quantities of water that is at or near 
the surface. No water is contributed from the Grand Coulee, for Soap 
Lake, which lies at the mouth of the coulee, never overflows, and it is 
separated more or less effectively from the outwash deposits of 
Quincy Valley by a ledge of basalt. The alkaline character of its 
water shows that it does not discharge by underflow. 

The most important sources of water in the outwash deposits are 
the first two mentioned. The underflow from the west must neces- 
sarily be small. The basalt formation beneath the region east of the 
basin apparently dips very gently toward the basin, but it is deeply 
trenched by coulees that interrupt the migration of water through it. 
Some ground water no doubt reaches the Moses Lake region from the 
east through porous lava beds that are continuous beneath the coulees, 
but the contributions from this source are probably not large. 

The movements and disposal of water from the drainage basin of 
upper Crab Creek is for convenience shown diagrammaticaUy in 
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figure 7. This water enters the basin partly as surface flow and 
partly as underflow. 

The surface flow divides a short distance below Adrian, a part 
going southward through a channel locally known as Willow Creek 
into Parker Horn of Moses Lake, and the other part going westward 
a short distance on the north 
side of the Great Northern 
Railway into a large, shallow 
basin known as the Adriai^ 
Sink. In the earlier part of a 
flood most of the water takes 
the latter course, and it con- 
tinues to flow in this direc- 
tion until the sink is filled, 
after which the water goes 
down the channel leading 
into Moses Lake. 

Both from Adrian Sink and 
from the channel leading to 
Moses Lake water percolates 
into the glacial gravels and 
slowly moves underground in 
a general southward direc- 
tion. Part of this water re- 
appears in large springs at 
the head of Rocky Ford 
Creek, and thence flows into 
Moses Lake. The rest moves 
southward through the grav- 
els, a part seeping into Moses 
Lake and a part eventually 
reaching the surface in the 
springs, ponds, and swampy 
tracts of the sand-dune area 
south of the lake. 

Moses Lake receives water 
from streams, precipitation 

on its surface, and under- Fiouek 7.— Diagram showing movements and dls- 

ground seepage; and dis- 
charges water by surface 
flow through its outlet, by evaporation from its surface, and by 
seepage through its sides and bottom. As shown by the slope of 
the water table toward the lake (PI. XIV), ground water enters the 
lake along almost its entire length on the east side and along the 
northern part of its west side. Similarly a slope of the water table 
away from the lake indicates a loss of water along the west side as 




posal of surface and ground water in the 
Moses Lake region of Quincy VaUey, Wash. 
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far north as the big bend 4 miles north of Mae. In the sandy country 
near the south end of the lake the loss by seepage is considerable. 
Farther north, however, loss by seepage appears to be small in spite 
of the decided slope of the water table away from the lake, for water 
levels in wells very close to the lake are considerably below the lake 
level, a condition that obviously could not exist if there were any 
considerable seepage from the lake. The sides of the lake along this 
stretch are formed of gravels that differ little in texture and com- 
position from the water-bearing gravels found in wells throughout 
the region. Through these gravels the water generally moves with 
the greatest freedom, and the comparative imperviousness of the 
gravels forming the lake shore must be ascribed to an extraneous 
cause, such as natural puddling or a sealing of the pores by silt or 
vegetal growth, or possibly to some extent by the precipitation 
of chemical substances. Much of the water that seeps out of the 
lake returns to the surface farther south. 

The amount of water annually available from the outwash de- 
posits is to some extent indicated by the amount that enters the 
area and by the amount that is discharged. Concerning the part 
that is added through stream flow and precipitation, approximate 
information is available, but the amounts entering as underflow are 
unknown. 

The following table, compiled chiefly from measurements and esti- 
mates made by F. F. Henshaw, of the United States Geological Sur- 
vey, based on stream-flow records collected by the Geological Survey 
and on precipitation records by the Weather Bureau, both in co- 
operation with the Grant Eealty Co., summarizes the available data: 

Additions to and losses from tester supply of Moses Lake region, Quincy Valley, 

1910 to 1913, inclusive. 



1910 



1911 



1912 



1913 



Flow of Crab Creek at Adrian a 

Flow of Crab Creek at Neppelo 

Loss between Adrian and Neppel, chiefly by percolation 

into the jladal-outwash deposits 

Flow of Rocky Ford Creek representing ground water that re- 
turns to the surface north of Hoses Lake 

Evaporation from Moses Lake 

Precipitation on Moses Lake 



Acre-feet. 
27,800 
19,000 



Acre-feet. 
10,900 
6,000 



Acre-feet. 

3,760 





Acre-feet. 



84,700 



8,800 
50,000 



5,900 
35,100 



3,760 
38,500 



42,000 



24,200 
3,790 



26,400 
3,120 



27,800 
4,000 



30,200 
3,780 



Net loss from Moses Lake by excess of evaporation over 

precipitation 

Surf^toe outflow from Moses Lake 

Increase in lake storage 



20,410 
26,000 
8,510 



23,280 



12,000 



23,800 



10,970 



26,420 
22,700 
17,740 



Discharge from Drumheller Springs , 

Discharge from springs above Drumheller Springs. 
Evaporation from ponds in the sand-dune area c . . . 



13,430 
2,800 
9,200 



12,090 
8,090 
9,200 



612,000 
1,740 
9,200 



b 12,000 
2,300 
9,200 



Total ground-water discharge south of MoSes Lake, exclu- 
sive of evaporation and transpiration from swampy areas. 



25.430 



24,380 



22,940 



23,500 



a Stream-flow records incomplete. 
b Estimate based on run-off for previous years. 

c Estimates based on assumption that the open-water surface of the ponds aggregate 2,000 acres and that 
the average annual evaporation is equivalent to a deptli of water of 4.6 feet, the same as for Moses Lake. 
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Inythe northern section of the Moses Lake region the ground-water 
discharge is represented by the flow of Eocky Ford Creek, the evapo- 
ration in the swampy tracts north of the lake, and the seepage into 
the lake. In the southern section it is represented by the flow of . 
Drumheller and other springs and the evaporation from the ponds 
and swampy tracts south of the lake. Some of the ground water 
discharged from the northern section no doubt passes underground 
a second time and is again returned to the surface in the area south 
of the lake. (See fig. 7, p. 153.) The total discharge amounts to some 
tens of thousands of acre- feet a year. Not all this water can be re- 
covered for irrigation, for much is lost by evaporation from the sur- 
face of Moses Lake or becomes unavailable by passing into the lake 
at its north end and discharging at the south end into the SJind-dune 
area, where it can not be used for irrigation. If it were not for the 
existence of Moses Lake the loss from the underground reservoir 
would be much less and the available supply would be much greater. 

The supply is, however, certainly adequate for much more irriga- 
tion than is at present practiced. In view of the large contributory 
area and the excellent intake facilities afforded by the deposits of 
sand and gravel it is not probable that the demands for irrigation in 
the Moses Lake region will exceed the supply. It is believed that the 
above data show that an additional 5,000 acres can be irrigated in 
this region. 

QUAIilTY OF WATER. 

Analyses of samples of 13 ground waters ^nd 6 surface waters, 
which were made in order to determine the quality of water in this 
basin, will be published in a later report. In general, these analyses 
indicate a very favorable condition of the ground waters. The waters 
represented by 11 of the samples are classed as good and 2 as ^air 
for irrigation. Most of them are calcium-carbonate in character, 
only 1 containing in pi^edominating amounts sodium and carbonate, 
the constituents of black alkali. Even this water, however, is good 
for irrigation and would not damage even the most sensitive crops, 
unless used in a grossly careless manner. Most of the waters are 
good or fair for domestic use, but two have been classed as bad, one 
bceause of its high mineral content, especially, of calcium and mag- 
nesium, which cause hardness and excessive consumption of soap in 
washing, and the other because of its high content of bicarbonate. 

The surface waters analyzed vary more widely in their value for 
irrigation and donxestic use. Two samples from different points in 
Moses Lake show this water to be sodiimi-carbonate in character but 
sufficiently low in these and other mineral constituents to be entirely 
satisfactory for irrigation and for domestic use. 

The water from a pothole in the NW. i sec. 22, T. 19 N., E. 25 E., 
was found to be fair only for domestic use and for irrigation. Soap 
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Lake, Grimes Lake, and a lake in Grand Coulee, 5 miles above Coulee 
City, all furnish water which is too highly mineralized to be useful 
as domestic supplies. The waters from Soap and Grimes lakes are 
classed as bad for irrigation and could not be economically used for 
this purpose. The water from the lake in Grand Coulee might be 
used in irrigating some of the crops less sensitive to alkali if liberal 
quantities of land plaster were applied to the land, but even then such 
special precautions as artificial drainage or washing down the alkali 
by flooding ^ would probably be necessary to insure success. 

PUMPING PLANTS AND IRRIGATION. 

PXrMFING FBOM WELLS. 

Most of the water used for irrigation in Qaincy Valley is pumped 
from wells, but a part is pumped from Moses Lake. 

Power for pumping is supplied by internal-combustion engines 
burning distillate or crude oil. The power plants range in size from 
5 to 80 horsepower, but 15 to 30 horsepower is the size of most plants 
designed primarily for irrigation. The pumps are either centrifugal 
or reciprocating, the type selected depending on the lift. The Ufts 
range from 10 to 300 feet, and the yields from 25 to 1,000 gallons per 
minute. Centrifugal pumps (ordinary centrifugal or turbine) are 
generally used for lifts of less than 100 feet ; for the greater lifts 
reciprocating (plunger or piston) pmnps are used. 

In 1916 wells were used to irrigate approximately 2,800 acres in 
the basin, exclusive of lands in the vicinity of Ephrata and of Soap 
Lake— 2,300 acres being in orchard, ijiostly apples, and 500 acres in 
alfalfa and miscellaneous crops. In the Ephrata and Soap Lake 
regions perhaps 500 acres additional were irrigated from wells, 
making a total of 3,300 acres for the whole basin. Several factors, 
among which may be mentioned character of soil, accessibility of 
water supply, and nearness to transportation lines, have restricted 
irrigation to certain fairly well defined districts. Thus the Quincy 
and Winchester districts were selected for development chiefly be- 
cause of the good quality of the soil and nearness to the railroad; 
Hiawatha Valley and the Moses Lake region because water could be 
obtained near the surface. All attempts to irrigate large tracts in 
the south-central and southern parts of the basin by pumping have 
resulted in failure because the soil is so porous and absorbs the water 
so rapidly that the land can not be covered by the ordinary irrigat- 
ing stream. 

1 See Dole, R. B., Ground water in San Joaquin Vall«y, Cal. : U. S. Geol. Survey Water- 
Supply Paper 398, pp. 58-61, 1916. 
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PUMPING FBOM MOSES LAKE. 

In 1916 approximately 700 acres were irrigated by pumping from 
Moses Lake. The Grant Eealty Co. has six pmnping plants that 
draw from the lake, four of, which were in operation in 1916. The 
plants range in size from 11 to 90 horsepower and are designed for 
capacities of 1,400 to 2,600 gallons per minute with heads of 45 to 95 
feet. 

COST OF PUMPING. 

In calculating the cost of piunping, not only the actual expenses 
of operation should be considered but also all fixed charges, such 
as interest on the investment, depreciation, taxes, and repairs. An- 
nual charges for depreciation and repairs on the average plant will 
range from 12 to 15 per cent of the cost of the equipment and interest 
and taxes from 7 to 9 per cent. 

The cost of fuel is probably the largest item of the operating ex- 
pense. With distillate costing 14 cents a gallon, the expense for 
fuel at 30 plants in Quincy Valley in 1916, as reported by the owners, 
ranged from $1.60 to $18 per acre-foot of water pumped. The aver- 
age cost was about $2 for an acre-foot of water lifted 50 feet. At 
a few plants a lower grade of distillate, known as " stove oil " or 
" stove distillate," costing about 6, cents a gallon, was used and the 
cost of pumping at these plants was materially less. The principal 
reason given for using the more expensive fuel is that the use of 
the cheaper fuel necessitates a special carbureter for the engine, 
but as the carbureter can be purchased at a comparatively small 
expense it seems poor economy to avoid an immediate outlay by 
continuously meeting a fuel bill that is higher than necessary. 

SUMMARY AND CONCLUSIONS. 

Water for irrigation can be obtained in Quincy Valley only by 
pumping. In 1916 lands aggregating about 3,300 acres were irri- 
gated by pumping from wells and about 700 acres by pumping from 
Moses Lake. 

Power for pumping is supplied entirely by internal-combustion 
engines. Because of the high cost of fuel the cost of water for irri- 
gation is high, especially throughout the central and western parts 
of the basin, where water must be lifted from great depths. 

On the basis of the acreage now under irrigation and the probable 
annual contributions of water to the basalt, lake beds, and glacial- 
outwash deposits and to Moses Lake, it is estimated that a total of 
as much as 15,000 acres can be irrigated in the basin each year from 
these sources, the most dependable of which are the glacial-outwash 
deposits and Moses Lake. Irrigation projects planned to serve more 
than 15,000 acres are not justified by the facts at present available. 

74351**— 19--WSP 425 11 
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